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Amendments to the claims of the Intemational Application under PCT Article 19 (35 U.S.C. 371 (c)(3)). 
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USPTO but International Search fee (37 CFR 1 .445(a)(2)) paid to USPTO $740.00 

International preliminary examination fee (37 CFR 1.482) paid to USPTO 
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PATENT 

Attorney Docket No. 08130.0076 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 



Guy Marck et al. 



Group Art Unit: Unassigned 



Application No.: Unassigned 



Examiner: Unassigned 



Inn. Filing Date: July 17, 2000 ) 

For: COMPOUND, being a National Stage filing of POT International Application No. 
PCT/EPOO/06788. filed on July 17. 2000 



Assistant Commissioner for Patents 
Washington, DC 20231 



Before examining this application, please amend the application as follows: 

In the specification : 

Page 1 , after the title, insert as a first paragraph the following: 

— This application is a national stage filing under 35 U.S.C. § 371 of 
international application no. PCT/EPOO/06788, filed on July 17, 2000, which 
published in the English language. This application also claims the benefit of priority 
under 35 U.S.C. § 119(a) to European patent application no. 99305857.7, filed on 
July 23, 1999. - 

In the claims : 

Please cancel claims 8-9 without prejudice or disclaimer 
Please also amend claims 3-7 and 10-13 as follows: 



Sir: 



Preliminary Amendment 



3. (Amended) A compound according to Claim 1 , in which the repeating 
unit of fomiula (I) accounts for at least 50% of the monomer building blocks in the 
compound. 
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4. (Amended) A compound according to claim 1 , in which the group M is 
selected from acrylate; methacrylate; 2-chloroacrylate; 2-phenylacrylate; acryiamide, 
methacrylamide, 2-chloroacrylamide and 2-phenylacrylamide, the nitrogen atom of 
which is optionally substituted by a lower alkyi group; vinyl ether; vinyl ester; a 
styrene derivative; siloxane; imide; amic acid; an amic acid ester; amidimide; a 
maleic acid derivative and a fumaric acid derivative. 

5. (Amended) A method of manufacturing a compound as claimed in 
claim 1 , comprising the polymerization of one or more pre-finished monomer units of 
formula (I). 

6. (Amended) A method of manufacturing a compound as claimed in 
claim 1 , which comprises reacting a photoactive derivative with a functional polymer 
analogue of a polymer according to Claim 1 . 

7. (Amended) A polymer layer, comprising a compound of formula (I) in 
cross-linked form. 

10. (Amended) An optical or an electro-optical device, comprising a 
compound according to claim 1 . 

1 1 . (Amended) An optical or an electro-optical device, comprising a layer 
according to Claim 7. 

12. (Amended) A compound as claimed in claim 1 , which is Poly-[1 -[1 1 -[5- 
[4-[(E)-2-methoxy-carbonyivinyl]benzoyloxy]-2-[6-[2-methoxy-(E)-4- 
(methoxycarbonylvinyl)-phenoxy]oxyhexyl]benzoyloxy]undecyloxycarbony[]-1- 
methylethylene]. 
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13. (Amended) A compound as claimed in claim 1, which is Poly-[1-[11- 
(E,E)-2,5-di-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl] 
benzoyloxy]undecyloxycarbonyl]-1-methylethylene]. 

In the abstract : 

Please add the abstract attached to the end of this Preliminary Amendment. 

Remarks 

Claims 1-7 and 10-13 are pending in this application. All claims have been 
amended for only formal and stylistic reasons, and none of the amendments change 
the scope of the claims. If there is any fee due in connection with the filing of this 
Preliminary Amendment, please charge the fee to our Deposit Account No. 06-0916. 



Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 




Steven J. Scott 
Reg. No. 43,911 



Date: January 7, 2002 
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Appendix Detailing Amendments to Claims 

3. (Amended) A compound according to Claim 1 [or Claim 2], in which the 
repeating unit of formula (I) accounts for [comprises] at least 50% of the monomer 
building blocks jn [comprising] the compound [of formula (I)]. 

4. (Amended) A compound according to claim 1 [any one of claims 1 to 
3], in which the group IVI is selected from acrylate; methacrylate; 2-chloroacrylate; 2- 
phenylacrylate; acrylamide, methacrylamide, 2-chloroacrylamide and 2- 
phenylacrylamide, the nitrogen atom of which is optionally substituted by a lower 
alkyi group; vinyl ether; vinyl ester; a styrene derivative; siloxane; imide; amic acid; 
an amic acid ester [esters]; amidimide; a maleic acid derivative [derivatives] and a 
fumaric acid derivative [derivatives]. 

5. (Amended) A method of manufacturing a compound as claimed in 
claim 1 [of formula (I)]^ comprising the polymerization of one or more pre-finished 
monomer units of formula (I). 

6. (Amended) A method of manufacturing a compound as claimed in 
claim 1 , which comprises [of formula (I) comprising] reacting a photoactive derivative 
with a functional polymer analogue of a polymer according to Claim 1 . 

7. (Amended) A polymer layer^ comprising a compound of formula (I) in 
cross-linked form. 

1 0. (Amended) An optical or an electro-optical device^, comprising a 
compound according to claim 1 [any one of claims 1 to 4]. 

1 1 . (Amended) An optical or an electro-optical device^ comprising a layer 
according to Claim 7 [or Claim 8]. 
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12. (Amended) A compound as claimed in claim 1 [of formula (I)], whicli is 
Poly-[1 -[1 1 -[5-[4-[(E)-2-methoxy-carbonylvinyl]benzoyloxy]-2-[6-[2-methoxy-(E)-4- 
(methoxycarbonylvinyl)-phenoxy]oxyhexyl]benzoyloxy]undecyloxycarbonyl]-1- 
methyiethyleneL 

1 3. (Amended) A compound as claimed in claim 1 [of formula (I)], which is 
Poly-[1 -[1 1 -(E,E)-2,5-di-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl] 
benzoyloxy]undecyloxycarbonyl]-1-methylethylene]. 



wo 01/07495 PCT/EPOO/06788 

10/030481 

s3lRec'dPeTyr- o9jan 2002 

Compound 

.The present invention relates to new photoactive polymers, their use as liquid 
crystal (LC) orientation layers and their use in the construction of unstructured and 
structured optical and electro-optical elements and midti-layer systons. 

The successful functioning of a Liquid Crystal Device rehes upon the ability of 
the LC molecules within that device to assume and maintain an alignment imposed 
upon them. Alignment of the LC molecules is achieved by use of an orientation layer 
which defines a direction of orientation for the LC molectdes of the device with the 
result that the longitudinal axes of the molecules become aligned with the direction of 
orientation defined by the orientation layer. In addition to this directional alignment, 
the orientation layer is also able to impart to the LC molecules an angle of tilt so that 
the molecules align themselves at an angle to the surface of the orientation layer rather 
than lying parallel thereto. 

Tilt angles of between 1** and IS*' are usual for Nematic LCDs. Tilt angles of 
about 7° are required for supertwisted nematic (STN) LCDs in order to avoid the 
formation of so-called fingerprint textures. Vertically aHgned nematic (VAN) LCD*s 
for instance require prettit angles of between 85° and 90®. 

Methods of preparing structured and unstructured orientation lay^ are well 
known to a skilled person. In particular it is known that by using linearly polarised 
light it is possible to prepare orientation layers ia which both the direction of 
orientation and the tilt angle of the orientation layer are determined by the direction 
and angle of incidence of the plane polarised light used to irradiate said layer. 

Stractured orientation layers are of great interest ia many areas of display 
technology and integrated optics. These layers are characterised by regions (pixels) 
which alternate in respect of the direction of orientation and angle of tilt of their 
component molecules. These orientation layers can be used to improve the viewing 
angle dependency of TN, STN and VAN LCDs, for example: 

A possible method of producing high-resolution structured orientation patterns 
in liquid crystalline layers is described in c^/pw. J. AppL Phys., Vol. 31 (1992), 2155. In 
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that process the dimerisation of polymer-bonded photoreactive ciimamic acid groups 
induced by irradiation with linearly polarised light is employed for the structured 
orientation of liquid crystals. Those photo-oriented polymer networks can be used 
wherever structured or unstructured liquid crystal orientation layers are required. In 
5 addition to their use in LCDs, these orientation layers can also be used, for example, 
in lie production of so-called hybrid layers, as illustrated in European Patent 
Applications EP-A-0 611 981, EP-A-0 689 084 and EP-A-0 689 065. It is possible, 
using these hybrid layers of photostmctured orientation polymers and crosslinkable 
low molecular weight liquid crystals, to prepare optical elements such as, 
10 non-absorptive colour filters, linear and circular polarisers, optical delay layers and so 
on. 

The ability of the resulting orientation layers to perform ttieir function thus 
depmds, in part, upon the number of molecules in the layer that have been dimerised 
as a result of irradiation with Kneariy polarised light The extent to which the 

15 molecules are dimerised relies, in part, on the irradiation time, the irradiation energy 
and the stracture of tiie molecules beiag irradiated. 

EP-A-0 611 786, EP-A-O 763 552, EP-A-0 860 455, WO 96/10049 and 
WO 99/15576 describe polymers that are suitable in principle for the production of 
such anisotropically crosslinked, photostructured orientation layers for liquid crystals. 

20 However, a problem with many polymers currently used in the preparation of 

photo-orientated orientation layers is that relatively long irradiation times are required 
to effect ef&cient dimerisation of the component molecules. There is, therefore, a 
need for photo crosslinkable polymers that can be readily cross-linked over a 
relatively short irradiation time. The present invention addresses that need. 

25 A jSrst aspect of the present invention provides a polymeric compound 

comprising a repeating nnit of formula (T) 
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(P1-B1)— A (B3.P3)^3 

M 
I 

in whicli: 

5 A represents a nitrogen atom, a carbon atom, a group -CR^- or an aromatic or 

alicyclic group, which is optionally substituted by a group selected from 
fluorine, chlorine, cyano and a C^ig cyclic, straight-chain or branched 
allcyl group, which is optionally substituted by a single cyano group or by 
one or more halogen atoms aud in which one or more non-adjacent alkyi 
10 -CH2- groups are optionally replaced by a group selected from 

-CO--, -C0-0-, -0-C0-, -Si(CH3)2-0-Si(CH3)2-, -NRl-, 
-KrI-CO-, -CO-NRI-, -NRI-CO-O-, -O-CO-NRl-, 
-NRI-CO-NRI-, -CH=CH-, -OC- and -0-C0-0-, wherein r1 
represents a hydrogen atom or lower alkyl, 

15 M represents a repeating monomer unit; 

n^" to n^' each iadependently represent 0- or an integer having a value of from 1 to 3, 
with the proviso that 1 < n^ + n^ + n^ < 4; 

pl, p2, p3 each independently represents a photoactive group; and 

B ho B"* each independently represent a residue of general formula n 
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0 



in which 



to each indq)eadently represent a single bond or a spacer group selected 
from a Cu24 straight-chain or branched alkylene group, which is optionally 
substituted by a single cyaao group or by one or more halogen atoms and 
ia which one or more non-adjacent aliylene -CH2- groups are optionally 
replaced by a group selected from -CO-, -O-CO- 

-Si(CH3)2--0-Si(CH3)2- -NRI-, -NRi-<:0-, -CO-NRI-, 

«NR1-C0--NR1-, -CH=CH-, -(>C- 
and -O-CO-O- wherein is as defined above. 



and each independently represents an aromatic or an alicyclic group, which is 
optionally substituted by a group selected from fluorine, chlorine, cyano or 
a Ci-is cyclic, straight-chain or branched alkyl group, which is optionally 
substituted by a single cyano group or by one or more halogen atoms and 
5 in which one or more non-adjacent alkyl -CHz- groups are optionally 

replaced by a group selected from -CO-, -CO-0-, -0-C0-, 

-Si(CH3)2~0-Si{CH3)2-. -NRI-, -NRI-CO-, -CO-NRI-, 

-nrI-co-o-, -0-CO-NRI-, -nr1-co-nr1-, -ch=ch-, -c=c- 

and -O-CO— O- wherein R^ represents a hydrogen atom or lower alkyl, 
) and 

n^ and are each independently 0 or 1 . 

The polymeric componnds of the present invention can be readily aligned 
upon exposure to linearly polarised light. In addition, by using the compomids of the 
invention, it is possible to reduce the irradiation time reqiured to foim cross-linked 
5 polymer fi.ims. 



-4- 
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By the term "aromatic" it should be imderstood to include optionally 
snbstitated carbocylic and heterocyclic groups. 

By the term "cyclic, straight-chain or branched alkyl group, which is 
optionally substituted by a single cyano group or by one or more halogen atoms and in 
5 which one or more non-adjacent -CH2- groups are optionally replaced by a group 
selected from -CO-, -CCMD-, ~0-C0, -CH=:=CH- and -CsC-," it should be 
understood to include groups selected from the group comprising methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, ^5c-butyl, tert-butyl, pentyl, isopentyl, cyclopentyl, 
hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 3-methylpentyl, allyl, 
10 but-3-en-l-yl, pent~4-en-l-yl, hex-5-en-l-yl, propynyl, butynyl, pentynyl, methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, ^ec-butoxy, tej'-t-butox}^, pentyloxy, 
isopentyloxy, cyclopentyloxy, hexyloxy, cyclohexyloxy, heptyloxy, octyloxy, 
nonyloxy, decyloxy, undecyloxy, dodecyloxy, 3-methylpentyloxy, allyloxy, 
but-3-enyioxy, pent-4-enyloxy, cylohexyhnefhoxy, cyclopentyhnethoxy, methoxy- 
15 carbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, 
isobutoxycarfaonyl, ^ec-butoxycarbonyl, /er^-butoxycarbonyl, pentyloxycarbonyl, 
isopentyloxycarbonyl, cyclopentyloxycarbonyl, hexyloxycarbonyl, cyclohexyloxy- 
carbonyl, octyloxycarbonyl, nonyloxycarbonyl, decyloxycarbonyl, undecyloxy- 
carbonyl, • dodecyloxycarbonyl, 3-mefhylpentyloxycarbonyl, allyloxycarbonyl, 
20 but-3-CTyloxycarbonyl, pent-4-enyloxycarbonyl, cylohexyhnethoxycarbonyl, cyclo- 
pentylmethoxycarbonyl, acetoxy, ethyicarbonyloxy, propylcarbonyloxy, isopropyl- 
carbonyloxy, butylcarbonyloxy, isobutylcarbonyloxy, ^ec-butylcarbonyloxy, 
^erz?=-butyicarbonyloxy, pentylcarbonyioxy, isopentylcaxbonyloxy, - cyclopentyl- 
carbonyloxy, hexylcarbonyloxy, cyclohexylcarbonyloxy, octylcarbonyloxy, nonyl- 
25 carbonyloxy, decyicarbonyloxy, imdecylcarbonyloxy, dodecyicarbonyloxy, 
S-methylpentylcarbonyloxy, but-3-en.yloxy, pent-4-enyloxy, acetyl, ethylcarbonyl, 
propylcarbonyl, isopropylcarbonyi, butylcarbonyl, isobutylcarbonyl, ^ec-butyl- 
carbonyl, pentylcarbonyl, isopentylcarbonyl, cyciohexylcarbonyl, octylcarbonyl, 
nonyicarbonyl, decylcarbonyl, undecylcarbonyl, dodecylcarbonyi, methoxyacetoxy, 
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l-methoxy-2-propoxy, 3-methoxy-l-propoxy, 2-inethoxyetJioxy, 2-isopropoxyethoxy, 

1- eflioxy-3-pentyloxy, 3-butynyloxy, 4-peiitynyloxy, 5-cIiloropentynyI, 
4-pmtyiiecaxbonyloxy, 6-propyloxyliexyl, 6-propyloxyhexyIoxy, 2-fluoroethyl, 
trifluorometliyl, 2,2^-trifluoroefhyl, lif,lJT-pentadecafluorooctyl, lJ?4-H".7if-dodeca- 

5 fiuoroheptyl, 2-(perfluorooctyl)et3iyl, 2-(perfluorobutyi)ethyl, 2-(perfluoroliexyl)e&yl, 

2- ^erflxiorodecyl)ethyl, perfluoropropyl, perfluorobutyl, perfluoroheptyl, 
perfluorooctyl, perfluorononyL l-fluoropropoxy^ 1-fIuoropentyloxy, 2-fluoropropoxy, 
2,2-difluoropropoxy, 3-fluoropropoxy, 3,3~difluoropropoxy, 3,3,3-trifluoropropoxy, 
trifluoromethoxy and the like. 

10 By fhe term "lower alkyl" it should be imderstood to include straight chain and 

branched hydrocarbon radicals having from 1 to 6 carbon atoms, preferably from 1 to 
3 carbon atoms. Methyl, ethyl, propyl and isopropyl groups are especially preferred. 

By the term "ahcycHc" it should be understood to include non-aromatic 
carbocyclic or heterocychc ring systCTis with 3 to 20 carbon atoms. 
15 The group A is preferably an optionally substituted aromatic group. It is also 

preferred that when fhe group A is optionally substituted by an alkyl group, one or 
more of fhe alkyl -CH2- groups are optionally replaced by a group selected from —Or, 
_C0-, -C0-0-, «0-C0- and -CH=CH--. 

It is especially preferred that A is selected from the group selected from 
20 1,2,5-benzenetriyl, l^S^S-benzenetriyl and l,3,4,5-benzenetetra3d3 which are optionally 
substituted by one or more fluorine atoms. The group preferably occupies position 
1 of the especially preferred group A. 

It is preferred that when n^ + n^ == 2 and = 0, A represents -CR^- or an 
optionally substituted aromatic or alicyclic group. Alternatively, when n^ = 3 and n^ + 
25 n^ = 0, A represents an optionally substituted aromatic or ahcycHc group only. 

The groups and can be photoisomerised or photodimerised on 

exposure to LTV or laser hght. The groups P^ to P-" preferably undergo photocychsation 
reactions. The groups P^ to P'^ are preferably represented by the general formulae IHa 
and nib: 
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ma 



wherein the brokea line indicates the point of linkage to and wherein: 

D represents pyrirnidine-2,5-diyl, pyridine-2,5-diyl, 2,5-fhiophenylene, 
2,5-fiiranylene, 1,4- or 2,6-naphthylene; a phenylene group, which is 
optionally substituted by a group selected from fluorine, chlorine, cyano; or a 
Ci-is cyclic, straigjit-chain or branched alkyl residue, which is optionally 
substituted by a single cyano group or by one or more halogen groups and in 
which one or more non-adjacent alkyl -CH2- groups are optionally replaced 
by a group selected from -0-, —CO-, — CO— — O— CO-, 
-Si(CH3)2-0-Si(CH3)2- -NRI-, -NRI-CO-, -C0-NR1- 
-NRl-CO-O-, -O-CO-NRl-, -NR1-C0-NR1- -CH=CH- -C=C- and 
— O— CO— O— , wherein is as defined above; 

E represents -OR^^ -NR^rS or an oxygen atom, which defines together with 
the ring D a coumarin imit, wherein r3, r4 and r5 are selected from 
hydrogen and a Ci^is cyclic, straight-chain or branched alkyl residue, which is 
optionally substituted by one or more halogen atoms and in which one or 
more non-adjacent alkyl -CH2- groups are optionally replaced by a group 

selected from -0-, -CO-, -C0-0-, -O-CO- and -CH=CH-, or R4 and 
r5 together form a C5-8 alicyclic ring; 
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X, Y each independently represent hydrogen, fluorine, chlorine, cyano or a Ci_i2 
alkyl group, which is optionally substituted by fluorine and in which one or 
more non-adjacent alkyl -CH2- groups are optionally replaced by a group 
selected from -0~, -C0-0~, -0--C0- and -CH=CH--; 

r2 represents hydrogen or a Ci.ig straight-chain or branched alkyl residue, which 
is optionally substituted by a single cyano group or by one or more halogen 
atoms and in which one or more non-adjacent aliyl -C3i2- groups are 
independently optionally replaced by a groiip selected from -^lO-, 
^CO-O-, -O-CO-,- -Si(CH3)2-0-Si(CH3)2- -NR^- -NRI-CO-, 

-co-nrI- -~nr1-co-o-, ~o-co-nr1-, ~nr1-co-nri~ 

~CH==CH-, -OC- and -OCO-O-, wherein is as defined above. 

It is preferred that the groups X and Y represent hydrogen. 

It is also preferred that the group D is selected from pyrimidine-2,5-diyl, 
pyridine-2,5-diyl, 2,5-fhiophenylene, 2,5-fiiranylene, 1,4- or 2,6-naphthyiene and a 
phenylene group, which is optionally substituted by a Ci-n cyclic, straight-chain or 
branched alkyl residue, which alkyl groiq) is optionally substituted by one or more 
halogen groups and in which one or more non-adjacent alkyl -CH2- groups are 
independently optionally re5)laced by a group selected from -CO-, -C0-0-, 
-CH=CH- and -C=C-. . 

It is especially preferred that D is selected from pyrimidine-2,5-diyl, 
pyridine-2,5-diyl, 2,5-furanylene, 1,4- or 2,6-naphthylene and phenylene, which is 
optionally substituted by a C1.6 straight-chain or branched aDcyl residue, which alkyl 
group is optionally substituted by one or more fluorine atoms, and wherein one or 
more non-adjacent alkyl -CH2- groups are independently optionally replaced by a 
group selected from -CO-, -CO-O-, -0-CO- and -CH=CH-. 
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By the term "phenylene" it should be understood to include 1,2-, 1,3- or 
1,4-phenyleiie, which is optionally substituted. It is preferred that the phenylene group 
is either a 1,3- or a 1,4-phenylene. 1,4-pheiiyiene groups are especially preferred. 

Preferred groups E are selected from -~0R3 ^aid -NR'^R^, wherein 
represent a Ci-is cyclic, straight-chain or branched alkyl residue, which is optionally 
substituted by one or more halogen atoms, and in which one or more non-adjaceat 
aUcyl -CH2- groups are independently optionally replaced by -O- or ~CH=CH-, 

wherein R^ is selected from a hydrogm atom or a Cms cyclic, straight-chain or 
branched alkyl residue, which is optionally substituted by one or more halogen groups 
and which one or more non-adjacent alkyl -CH2- groups are optionally independently 

replaced by -O- or -CH=CH-, or R^ and r5 together to form a C5-8 alicyclic ring. 

It is especially preferred that E is selected from the group comprising -0R3 or 
-NUR"*, wherein R^ and R^ represent a Ci-ig cyclic, straight-chain or branched alkyl 
residue which is optionally substituted by one or more fluorine atoms and in which 
one or more non-adjacent alkyl -CH2. groups are independently optionally replaced 

by-O-. 

Preferred groups B 1 to B4 are groups of formula II where n"^ + n^ < 1 . 

It is preferred that each of the groups and comprising the groups to B"^ 
are selected from cyclohexane-l,4-diyl, pyrimidiQe-2,5-diyl, pyridiQe-2,5-diyl, 1,4- or 
2,6-naphthylene and phenylene, which is optionally substituted by one or more groups 
selected from fluorine, chlorine, cyano and a C3.12 cyclic, straight-chain or branched 
alkyl residue, which is optionally substituted by a single cyano group or by one or 
more halogen atoms and in which one or more non-adjacent alkyl -CH.2- groups are 
optionally independently replaced by a group selected from -0-, -CO-, -C0-0-, 
-CH-CH-, ~C=C- and 

It is especially preferred that the groups and are selected from 
cyclohexane-l,4-diyl, pyrimidnie-2,5-diyl, pyridhie-2,5-diyl, 2,6-naphthylene and 
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phenylene, which is optionally substituted by one or more fluorine atoms or a Ci^ 
straight-chain or branched aUcyl residue, which is optionally substituted by one or 
more fluorine atoms, and in which one or more non-adjacent alkyl -CH2- groups are 
independently optionally replaced by a group selected from -CO-, -CO-0-, 
5 ~OCO- and -CH=CH-. 

It is preferred that the groups to are selected from a single covalent bond, 

-o, -CO-0-, -nrI- -nrI-co-, -co-mi-, -NRl-CO-O-, 

-NR1-C0-NR1-, -CHs=CH-, -CsC-, -O-CO-O-and a 
straight-chain or branched alkylene group, which is optionally substituted by one or 

10 more groups selected from fluorine, chlorine and cyano and in which two or three 
non-adjacent aDcylene -CH2- group are independently optionally replaced by a group 
selected from -0-, -C0-0-, -O-CO-3 -NRI-, -NRI-CO- -CO-NRI-, 
-NRi-CO-O-, ~0-C0~NR2- ^nr1-CO-NR1-, -CH=CH-, 
-O-CQ-O- and -Si(CH3)2--0--Si(CH3)2- wherein r1 is as defined above and with 

15 the proviso that firstly, the total number of chain carbon atoms in the alkylene group 
does not exceed 24 and secondly, when the repeating monomer unit M is linked to B"* 
via a nitrogen atom or a oxygen atom S^, and are not — -0-CO-, 
-NRI- -CO-NRI-, -NRI-CO-O-, -O-CO-NRI-, 

-NR1-C0-NR1- -C^C- or ~0-C0-0-. 

20 It is more preferred that to are selected from ~C0-0-, -0-C0-, 

H:CH2)r-, -(CH2)j^O-, -(CH2)^C0-, -(CH2)H::0-0-, -(CH2)i^O-CO-, 
-(CH2)r-CO-NR^ -(CH2)r-NRl-CO-, -(CH2)r-NRl-, ~0-(CH2)r-, 
-CO-0-{CH2)^, -0-C0-(CH2)r-, "-NR1-CCK(CH2):^, -CO-NRl-"(CH2)r-, 
-NRlKCH2)r-. -0-(CH2)i-C0-0-, -0-(CH2)r-0-C0-, 

25 -0-(CH2)r-C0-ml-. -0-(CH2)r-NRl-, -0-(CH2)r-0~, -0-(CH2)rNRl-C0-, 
-NRl-(CH2)r-C0-0- --NRl-(CH2)r~0-, -NRl-(CH2)r-NRl~ 
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-NRl-(CH2)r-0-C0-, -CO-NRl-(CH2)r-0- -C0-NTt-l-(CH2)r-NRi- 
_C0-NRl-CCH2)r-O-CO-, -0-CO-(CH2)r-CO-, -0-C0-(CH2)r-0-, 
_0-CO-(CH2)r-NR2- -0-C0-(CH2)]-C0-0-, -0-C0-(CH2)r-C0-NRl-. 
-0-C0-(CH2)r-NRl-CO-, -(CH2)r-0-(CH2)s-, -(CH2)r-CO-0-(CH2)s-. 
-(CH2)r-0-C0-(CH2)s-, -(CH2)r-NR^-CO-(CH2)s-, -(CH2)r-NRl- 
C0-0-(CH2)s-, -(CH2)r-0-(CH2)s-0-, -(CH2)i-C0-0-(CH2)s-0-, 
-(CH2)r-0-C0-(CH2)s-0-. -(CH2)r-NRl-CO-(CH2)s-0-, -(CH2)3-NR1- 
C0-0-(CH2)s-0-, -0-(CH2)r-0-{CH2)s-, -0-(CH2)i-CO-0-(CH2)s-. 
-0-(CH2)]r-NR^-CO-(CH2)s- -0-(CH2)r-NRl-CO-0-(CH2)s- -0-(CH2)r- 
C00-(CH2)s-O-, -0-(CH2)i-0-(CH2)s-0-, -0-(CH2)i-NR1-CO-(CH2)s-0-, 

-0-(CH2)r-NR^-CO-O-(CH2)s-O-, -CO-0-(CH2)r-0-(CH2)s- and -CO-O- 
(CH2)r-0-(CH2)s-0— , wherein is as defined above, r and s each represent an 
integer from 1 to 20, preferably from 2 to 12, and r + s < 21, preferably < 15. 

By the teams -(CH2)r- sad -(CH2)s- it shotild be understood to include 
straight-chain or branched alkylene groupings containing r or s carbon atoms 
respectively. Optional substitaeats include aliyl, aryl, cycloalkyl, amino, cyano, 
epoxy, halogai, hydroxy, nitro and oxo. 

It is especially preferred that S^to are selected from — (CH2)i— , 
-(CH2)r-0-, -(CH2)i-C0-0-. -(CH2)r-0-C0-, -(CH2)i-CO-NH-, 
-(CH2)i-NE-CO-, -0-(CH2)r-, -CO-0-(CH2)r-. -CO-NH-(CH2)i-. 
-0-CO-(CH2)i-, -0-C0-(CH2)r-C0-0- -0-(CH2)r-0-C0-, -0(CH2)i- 
CO-NH-, -0-(CH2)r-NH-C0-, -C0-O-(CH2)r-O-, -C0-NH-(CH2)r-0-, 
-0-(CH2)r-0- -(CH2)r-NH-CO-(CH2)s- -(CH2)r-NH-C0-O-(CH2)s-, 
-(CH2)r-0-(CH2)s-O-. -(CH2)r-NH-C0-(CH2)s-O-, -(CH2)r-NH- 

C0-O-(CH2)s-0-, -0-(CH2)r-NH-C0-(CH2)s- -0-(CH2)r-0-(CH2)s-0-, 
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-0-CO-(CH2)r-CKCH2)s-0-, -C0-O-(CH2)r-O-(CH2)r-0- -0-(CH2)2- 

]S!H-C0KCH2)s-0- and -CK:O(CH2)r-NH-C0-(CH2)s-0-, wherein r and s 

each represent an integer from 2' to 12 and r -f s < 15. 

Examples of preferred the preferred groups to include l,2-ethyieiie5 
5 l,3.propylene, 1,4-butyleQe, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, l,S-octylene, 
l^P-nonyloie, IJO-decylme, 1,11-undecylene, 1,12-dodecyIeiiej S-methyl- 
-l,4-butylene5 3-propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 

4- butyleQeoxy, 4-butyleneoxycarbonyl,' S-propyleaecarbonyloxy, 5-pentyIeneoxy, 

5- pentyleneoxycarbonyl, 4-butylenecarbonyloxy, 6-hesyleneoxy, 6-hexyleneoxyc- 
10 arbonyl, 5-pentylenecarbonyIoxy, 7-hepfyleneoxy, 7-heptyleaeoxycarbonyl, 

6- hexylenecarbonyloxy, 8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptyieaecarbonyl- 
oxy, P-nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octylenecarbonyioxy, 10-decylene- 
oxy, lO-decyleueoxycarbonyl, 9-nonyieaecarbonyloxyj ll-undecyleneoxy, 
1 l-undecyleneoxycarbonyl, 10-decylenecarbonyloxy, 12-dodecyleneoxy, 

15 12-dodecyleneoxycarbonyl, ll-undecylenecarbonyloxy, 3-propyleneinnnocarbonyl, 
4-butyleneirmnocarbonyl, 5-pentyleneiraiaocarbonyl, e-hexyleneirtdnocarbonyl, 

7- heptyieneiininbcaxbonyI, 8-octyleneiminocarbonyi, 9-noiiyleneiminocarbonyl, 
1 0-decyleneixainocarbonyl, 1 l-undecyleneirainocarbonyia 12-dodecyleneimmo- 
carbonyl, 2-ethyienecajbonylimino, 3'propyienecarbonylirnino, 4-butylenecarbonyl- 
imino, 5-pentylenecarbonyIiniino, 6-hexylenecarbonyinnino3 7-heptylenecarbonyl- 
iinino, 8-octylenecarbonylrcnino, P-Bonylenecarbonyiimino, 1 0-decylenecarbonyl- 
imino, 1 1 -undecylenecarbonylimino, 6-(3-propyleneirninocarbonyloxy)hexylene, 
6-'(3 -propyleneoxy)hexylene, 6-(3-propyleneoxy)hexyleneoxy, 6-(3-propyieneimino- 
caxbonyloxjOhexyieneoxy, 6-(3-propyleneiminocarbonyl)hexyl, 6-(3-propyieneiimno- 
carbonyi)hexyloxy, 1 ,2-ethylenedioxy, 1 3-propyienedioxy, 1 ,4-butylenedioxy, 
1 ,5-pentylenedioxy, 1 ,6-hexyienedioxy, 1 ,7-heptylenedioxy, 1, 8-octylenedioxy, 
1 ,9-nonylenedioxy, 1 , 1 0-decylenedioxy, 1,11 -undecylenedioxy, 1 , 12-dodecylene- 
dioxy aad the like. 
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It is preferred that the uriit of formula (I) comprises at least 50% of the 
raonomer building blocks, which form the main chain of a photoactive polymer. It is 
especially prefeired that the unit of formula (1) comprises at least 70% of the 
monomer bidlding blocks forming the photoactive polymer. 

The repeating monomer unit M represents part of a homopolymer or a co- 
polymer. It is prefOTed that M forms part of a co-polymer. By the temi "copolymer" it 
is to be understood to include statistical copolymers. 

The repeating monomer units M are preferably selected from acrylate; 
methacrylate; 2-chloroaciylate; 2-phenylacryiate; acrylamide, methacrylamide, 
2-chloroacrylamide and 2-phenylaciylamide, the nitrogen atom of which is optionally 
substituted by a lower alkyl group; vinyl ether; vinyl ester; a styrene derivative; 
siloxaae; imide; amic acid; amic acid esters; amidimide; maleic acid derivatives and 
fumaric acid derivatives. 

It is more preferred that the repeating monomer unit M is selected from 
acrylate; methaciylate; acrylamide and methacrylamide the nitrogen atom of which is 
optionally substituted by a lower alkyl group; vinyl ether; vinyl estei^ a styrene 
derivative, imide, amic acid, amic acid esters and amidimide. 

It is especially preferred that the repeating monomer unit M is selected from 
acrylate, methacrylate, a styrene derivative, imide, amic acid, amic acid ester, and 
amidimide. 

When the monomer unit M is an imide group, it is preferably selected from 
structures of the general formulae VI, VIE, Vm, IX, X and XI: 
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XI 

C| 5 wherein the broken line symbohses the linkage to 

?? 

p| t1 represents a tetravalent organic radical; 

t3 each independently represent a trivalent aromatic or ahcyclic group which 
is optionally substituted by a group selected from fluorine, chlorine, cyano 
and a Ci-ig cyclic, straight-chain or braached alkyl residue, which is 
g% 10 optionally substituted by one or more halogen groups and in which one or 

more non-adjacent aJkyI -CH2- groups are independently optionally 
replaced by a group selected from -0-, -CO-, -C0-0-, -0-CO-, 
-CH=CH- and -C=C- 

S4 to gS are each independently selected from a single covalent bond and a Ci-24 
15 straight-chain or branched alkylene residue, which is optionally 

substituted by a single cyano group or by one or more halogen atoms and 
in which one or more non-adjacent alkylene -CH2- groups are, 
independently, optionally be replaced by a group selected from -0-, 
-CO-, -CO-O- -O-CO- -Si(CH3)2-0-Si(CH3)2-, -NRI-, 
20 -nrI-co- -co-nr1- -NRI-CO-O- -O-CO-NRI-, 
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-NR1-C0-NR1-, -CH=CH-, -CsC- and -O-CO-O^, wherein is as 
defined above; 

J is selected firom flie group comprising a nitrogen atom, a group - 

CRI— and an aromatic or aKcycIic divalent, trivalent or tetravalent group, 
5 which is optionally substituted by one or more groups selected firom 

fluoro, chloro, cyano and a Ci.ig cyclic, straight-chain or branched alky! 
residue which is optionally substituted by a single cyano group or by one 
or more halogen atoms- and in which one or more non-adjacent -CH2- 
sroups are, independently, optionall5^ replaced by a group selected JBrom 

61 10 -0-, -co-, -C0-0-, -0-C0-, -CH=CH.- and -CsC-, wliemn is 

CI- 

III as defined above; 

dS K represents an aliphatic, aEcycIic or aromatic divalent radical; and 

CI 

G represents a hydrogen atom or a monovalent organic group. 

« 

ff>15 By the term "aliphatic" it should be understood to include saturated and 

24 unsaturated, straight-cham and branched alkyl groups, which may be optionally 
PI substituted and in which one or more non-adjacent -CH2- groups are replaced by one 

or more heteroatoms. Optional substituents include aJkyl, aryl, cycloalkyl, amino, 

cyano, epoxy, halogen, hydroxy, nitro and 0x0. Examples of heteroatoms that can 
20 replace the one or more "CH2- groups include nitrogen, oxygen and sulfur. 

Replacement nitrogen atoms may be further substituted with groups such as alkyl, aiyl 

aad cycloalkyl. 

The tetravalent organic' radical is preferably derived from an aliphatic, 
ahcycHc or aromatic tetracarboxyhc acid dianhydride. AUcychc or aliphatic 
25 tetracarboxyhc acid anhydrides are preferably selected from butanetetracarboxylic 
acid dianhydride, etiiylenemaleic acid dianhydride, 1,2,3,4-cyclobutanetetracarboxyIic 
acid dianhydride, 1,2,3,4-cyclopentanetetracarboxyIic acid dianhydride, 
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2,3,5-tricarboxycyclopeiitylacetic acid dianhydride, 3,5,6-txicarboxynorboniylacetic 
acid dianhydride, 2,3,4,5-tetra[iydro&raiitetracarboxyIic acid dianhydride, 
4-(2,5-dioxotetxahydroiiu:an-3-yl)tetrahydronaphthalene-l,2-d^^ acid 
diaiihydride, 5-(2,5-dioxotetrahydrofuran-3-yl>3-inetfayl-3-cycloliexene- 1 ,2- 

-dicarboxylic acid diaidiydride, bicyclo[2.2^]oct-7-ene-2,3,5,6-tetracarboxyIic acid 
diaiihydride, bicyclo[2.2.2]octane-2,3,5,6-tetracarboxyIic acid dianhydride and 
l,8-dimethylbicycIo[2.2.2]oct-7-ene-2,3,5,6-tetracarboxyIic acid dLanhydride, 

Aromatic tetracarboxyiic acid dianhydrides are preferably selected from 
pyromellitic acid dianhydride, ' 3,3^4,4'-benzophenonetetracarboxylic acid 
dianhydride, 4,4'-oxydiphthalic acid dianhydride, 3,3',4,4'-diphenylsiilfonetetra- 
carboxylic acid dianhydride, 1,4,5,8-naphfhalenetetracarboxyIic acid dianhydride, 
2,3,6,7-naphthaienetetracarboxyhc acid dianhydride, 3,3\4,4'-dimethyldiphenylsilane- 
tetracarboxyHc acid dianhydride, 3,3',4,4-tetraphenylsiianetetracarboxyhc acid 
dianhydride, 1,2,3,4-furantetracarboxylic acid dianhydride, 4,4'-bis(3,4-dicarboxy- 
phenoxy)diphenyl sulfide dianhydride, 4,4*'bis(3,4-dicarboxyphenoxy)diphenyl 
sulfone dianhydride, 4,4'-bis(3,4-dicarboxyphenoxy)diphenylpropane dianhydride, 
3,3',4,4'-biphenyltetracarboxyHc acid dianhydride, ethylene glycol bis(trimellitic acid) 
dianhydride, 4,4'-(l,4-phenylme)bis(phfliaIic acid) dianhydride, 4,4'-(i^3_ 
phenylene)bis(phfhaHc acid) dianhydride, 4,4'-(hexafliioroisopropyIidene)diphthalic 
acid dianhydride, 4,4-oxydi(l,4-phenylene)bis(phthalic acid) dianhydride and 
4,4 -methylenedi(l,4-phenylene)bis(phthalic acid) dianhydride. 

It is especially prefered that the tetracarboxyhc acid dianhydrides used to 
form the telxavalent organic radical- are. selected from 1,2,3 ,4-cyclo- 
butanetetracarboxyHc acid dianhydride, 1,2,3,4-cyclopentanetetracarboxyHc acid 
dianhydride, 2,3,5-tiicarboxycyclopentylacetic acid dianhydride, 5-(2,5-dioxoteTra- 
hydrofuran-3 -yI)-3 -methyl-3 -cyclohex ene- 1 ,2-dicarboxyhc acid dianhydride, 
4-(2,5-dioxotetrahydrofliraa-3-yI)tetrahydronaphthalene- 1 ,2-dicarboxyKc acid di- 
anhydride, 4,4'-(hexafluoroisopropyhdene)diphthaIic acid dianhydride and bicycle- 
[2.2.2]oct-7-ene-'2,3,5,6-tetracarboxyiic acid dianhydride. 
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Eack of the groups T- and can be derived from an alipiiatic, alicyclic or 
aromatic dicarboxylic acid anhydride. 

The groups and are preferably trivalmt aromatic or alicyclic groups, the 
three valencies of which are distributed between three different carbon atoms, with the 
proviso that two of the valencies are located at adjacent carbon atoms. It is especially 
preferred that the groups and are trivalent benzene derivatives. 

The groiq> S"* is preferably selected from a single covalent bond, 
-(CH2)r-,-(CH2)r-0-, -(CH2)r-C0-, H:CH2)r"C0-0-, -<CH2)r-0-CO-, 

KCH2)r-CONRL KCH2)r-NRl-CO, --(CH2)r-NRl~ -(CH2)r-0-(CH2)s-, 
-(CH2)r-CO-OKCH2)s- -(CH2)r-0-CO~(CH2)s- KCH2)r-NRl-CO-(CH2)s- 
-<CH2)i-NR1-CO-0--CCH2)s--, -(CH2)j-0(CH2)s-0- 
-(CH2)r-CO-CKCH2)s-0-, -(CH2)r"0-^0-(CH2)s-O- 
-(CH2)r-HRl-CO~(CH2)s-0- -(CH2)r-NRl--CO-0-(CH2)s-'0-. ^(CH2)t-0- 
(CH2)s-C:0-0- and -(CH2)r-0--(CH2)s-0-CO-, wherein is as defined herein 
above; r and s each represent an integer from 1 to 20; and r+ s<21. It is more 
preferred that r and s each represent an integer from 2 to 12. It is especially preferred 
thatr+s < 15. 

Examples of preferred groups include 1,2-efhyiene, 1,3-propylene, 
1,4-butylene, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene, 
1 ,10-decylCTe, 1,11-undecylene, 1,12-dodecylene, 3-mefhyl"I,4-butylene, 

3- propyieneoxy, 3 -propyleneoxycarbonyl, 2-efhyIenecarbonyloxy, 4-butyieneoxy3 

4- butyleneoxycarbonyl, 3-propylenecarbonyioxy, S-pentyleneoxy, 5-pentylene- 
oxycarbonyl, 4-butylenecarbonyloxy, 6-hexyleneox>^ 6-hexyleneoxycarbonyl, 

5- pentylenecarbonyloxy, 7-heptyieneoxy, 7-heptyieneoxycarbonyl, 6-hexylene- 
carbonyloxy, 8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptylenecarbonyloxy, 

9- nonyleneox3^ 9-nonyleneoxycarbonyl, 8-octylenecarbonylox}^ 10~decyleneoxy, 

10- decyleneoxycarbonyl, 9-nonylenecarbonyloxy, 11-undecyleneoxy, 11-imdecylene- 
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oxycarbonyl, 1 0-decylenecarbonyloxy, 12-dodecyieneoxy, 12-dodecylene- 
oxycarbonyl, 1 l-nndecylenecarbonyloxy, 3-propyleneiminocarbonyl, 4-butyleae-. 
iminocarbonyl, S-pentyleneiiiiinocarboiiyl, 6-hexyleneiniiiiocarbonyl, 7-lieptyleiie- 
imiaocarbonyl, 8-oclyieneiminocarbonyl, 9-nonyleneimiaocarbonyl, 10-decylene- 
iminocarbonyl, 1 1 -iindecyleneiirdiiocarbonyl, 1 2-dodecyIeneiin2nocarbonyl, 
2-ethylenecarbonylimiQO, 3-propyIenecarbonyliraiDO, 4-butylenecarbonylimiiio, 
S-pentylenecarbonyliinino, 6-hexylenecarbonyliiniiio, 7-heptyienecarbonyliinino, 

5- octylenecarbonylimiiio, 9-nonylenecarbonyliiniiio, 1 0-decylenecarbonylimiao, 
1 1 -imdecylenecarbonyliniino, 6-(3-propyleneiiinnocarboiiyloxy)iLexylene, 

6- (3-propyleneoxy)hexyleiie, 6-(3-propyleneoxy)hexyleneoxy, 6-(3-propylenenmno- 
carbonyloxy)liexyleiieoxy, 6-(3-propylerLeiminocarbonyl)hexyiene, 6-(3>propylene- 
iniinocarbonyl)hexylCTLeoxy and the like. 

The groups and are preferably selected from a single bond, — (CH2)i— , 
-0-(CH2)r-, -CO~(CH2)r-, -C0-0-(CH2)r-, -0-C0-(CH2)r-, 

-NRl-CO-(CH2)r-, -NRl-(CH2)r-^, -CO-NR1-(CH2)i-. -NR1-CO-(CH2)i-, 
-0-(CH2)i-0-(CH2)s-, "(CH2)r-CO-0-(CH2)s-, -(CH2)r-0-CO-.(CH2)s-, 
-(CH2)r-NR^-CCKC3l2)s-, -(CH2)jr-NRlC0-O.(CH2)s-, 
^0-(CH2)]^0-(CH2)s- -OKCH2>r-CO-0-.(CH2)s- 
-0-(CH2)i-0-CO-(CH2)s-, -0-(CH2)r-NRl-CO-(CH2)s-. -CKCH2)r-NEll- 
C0-0-(CH2)s-. -0-COH:CH2)r-0-(CH2)s- and -CO-Oh:CH2)^0-(CH2)s-, 
wherein is defined as herein above; r and s each represent an integer from 1 to 20; 
and r + s < 21. It is more preferred that r and s each represent an integer from 2 to 12. 
It is further preferred that r + s < 15. 

Examples of preferred groups and include 1,2-ethylene, 1,3-propylene, 
1,4-butylene, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, 1,8-octylene, 1,9-nonyIme, 
1,10-decylene, 1,11-undecylene, 1,12-dodecylene, 3-methyl-l,4-butylene, 2-oxy- 
ethylene, 3-oxypropylene, 4-oxybutylene, 5-oxypentylene, 6-oxyhexylene, 7-oxy- 
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heptyiene, 8-oxyoctylene, 9-oxynonylene, lO-oxydecylene, llnDxyundecylene, 
12-oxydodecylene, 2-(oxycarbonyl)et3iylene, 3-(oxycarboiiyl)propyIene, 4-(oxy- 
carbonyObutylene, 5-(oxycaibonyl)pentylene, 6-(oxycarbonyl)iiexylme, 

7- (oxycarbonyl)heptylene, S-(oxycarbonyl)octylene, 9-(oxycarboiiyI)nonylene, 
1 0-(oxycarbonyl)decylene, 1 1 -(oxycarbonyl)imdecylene, 12-(oxycarboiiyl)- 
dodecylene, 2-(carbonyIoxy)ethyleixe, 3-(carbonyloxy)propylene, 4-(carboiiyloxy}- 
butylene, 5-(carboiiyloxy)pentylene, 6-'(carbonyloxy)liexylene, 7-(carbonyloxy)- 
heptyleaie, 8-(carbonyloxy)octyieiie, 9-(carbonyloxy)nonyIene, i O-(carbQnyloxy)- 
decylene, 1 l-(carbonyloxy)xindecyIene, 12-(carbonyloxy)dodecylene, 2-(carbonyi- 
iiiiiiLo)ethylene, 3"(carbonylimiao)propylene, 4-(carbonyliinino)butyleiie, 5-(carbonyl- 
i3rdno)pentylene, 6--(carbonyliiniiio)hexylene, 7-(carbonyInnino)heptylene, 

8- (carbonyIimiiio)octylene, 9-(carbonyIiiiiino)iioiiyiene, 10-(carbonyiimino)decylene, 
1 l-(carbonyIiinino)midecylene, 12-(carboayliinino)dodecylerie> 2-iinxaoethylene, 

5- iminopropylene, 4-immobufylene, 5-iiniaopeiityie!ie, 6-imiiiohexylene, 7-iimno- 
heptylene, 8-iininooctylene, 9~irninononylene, lO-imitiodecyleiie, ll-imino- 
undecylene, 12-iiainodQdecyleiie, 2-imjiiocarbonylethylene, 3-irniiio- 
caffaonylpropylene, 4-iirdiiocarbQiiylbutylene, S-iminocarbonylpentylene, 6-imino- 
carbonylhexyiene, 7-iiDinocarbonyIlieptylerLe, 8-iiniaocarbonyioctylene, 9-iimno- 
carbonylnonyiene, 1 0-iminocarbonyldecylene, 1 1 -iininocarbonyliindecyleiie, 
12-iinmocarbonyldodecylene, 2-(2-ethyleneoxy)ethylene, 2-(3-propyleneoxy> 
ethylene, 6-(4-butyleiieoxy)hexylene, 2-(2-ethyleneimmocarbonyl)ethylen.e, 
2-(3-propyleneimiaocarbonyl)etiiylene, 6"(4-bittyIeneiiriinocarbonyl)hexylene, 

6- (3-propyleneiininocarbonyloxy)hexylene5 6-(3-propyleneimi2iocarboiiyl)hexyle3ie 
and fbe like. 

The groups and S'^ are preferably selected from a single bond, -(CH.2)r-, 
~(CH2)i-0~, -^(CH2)^C0~, -(CH2)i-C0--0-, ^(CH2)r-0~C0-, -(CH2)r-C0~NRl-, 
KCH2)r-NRl-C0-, --(CH2)r-NRl- -0-(CH2)r~, -C(>-0-(CH2)r-, 

--0-C0-(CH2)r", -NRl-C0-(CH2)r-, -CO-NRl~(CH2)r-. ~NRl-(CH2)r-. 
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-0-(CH2)r-C0-0-, -0-(CH2)i-0-C0-, -0-(CH2)i-C0-NR1-, -0-CCH2)r-Mll-, 
-0-(CH2)r-0- -0-(CH2)r-NR^-CO-, -NRl-(CH2)r-CO-0-, -NRl-(CH2)r-0-, 
-NRl-(CH2)r-NRi- -NR.l-(CH2)i-0-C0-, -C0-NRl(CH2)r-0- 

_CC>-NRl-(CH2)r-NRl- -CO-2^1-(CH2)r-0-CO-, -O-C0(CH2)r-CO- 
-0-C0-(CH2)r-O-, -0-C0-(CH2)r-NRl-, -0-CO-(CH2)3-CO-0-, 

-0-CO-(CH2)r-GO-NRl- -0-C0-(CH2)r-NRl-C0-. -(CH2)r-0-(CH2)s-, 
-(CH2)r-CO-0-(CH2)s-, -(CH2)r-O-C0-(CH2)s-, -(CH2)r-NRl-CO-(CH2)s-, 
-(CH2)r-NRl-CO-0-(CH2)s-, -CCH2)r-0-(CH2)s-0-, -(CiB2)r-C0-0-(CH2)s-O-, 
-{CH2)r-0-CO-(CH2)s-0-, -(CH2)r-NRi-CCKCH2)s-0-, -(CBzh-mO- 
C0-0-(CH2)s-0-, -0-(CH2)r-0-(CH2)s-, -0-(CH2)r-CO-0-(CH2)s- 
-0-(CH2)r-NRl-CO-(CH2)s-, -0-(CH2)r-NRl-CO-0-(CH2)s-, -0-(CH2)r-C0- 
0-(CH2)s-0-, -0-(CH2)r-0-(CH2)s-0-, <)-(CH2)r-NR.l-C0-(CH2)^O-, 
-0-(CH2)r-NRl-CO-CKCH2)s-0-, -CO-0-(CH2)r-0-(CH2)s-, -C0-0-(CH2)r- 
0-(CH2)s-0-> wherein is defined as herein above; r and s each represent an integer 
from 1 to 20; and + s < 21. It is more preferred that r and s each represent an integer from 
2 to 12. It is especially preferred that r + s < 15. 

Examples of preferred groTq>s and include 1,2-ethylene, 1,3-propylene, 
1,4-butylette, 1,5-pentyiene, 1,6-hgjcylene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene, 
1,10-decylene, 1,11-undecylene, 142.-dodecylene, 3-methyl-l,4-butylene, 

3- propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 4-butyleneoxy, 

4- butyleneoxycarbonyl, 3-propyienecarbonylox}', 5-pentyleneoxy, 5-pentylene- 
oxycarbonyl, 4-butylenecarbonyloxy, 6-hexyleneoxy, 6-hexyleneoxycarbonyl, 

5- pentylenecarbonylox>', 7-heptyleneoxy, 7-heptyleneoxycarbonyl, 6-hexyleae- 
carbonyloxy, 8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptylenecarbonyloxy, 
9-nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octyIenecarbonyloxy, 10-decyleneoxy, 
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10-decyleneoxycarbonyl, 9-noiiylenecarbonyloxy, ll-undecyleneoxy, ll-undecyiene- 
oxycarbpnyl, 1 0-decylenecarbonyIoxy, 1 2-dodecyleiieoxy, 1 2-dodecyIeneoxy- 
carbonyl, 11-imdecyleiiecarbonyloxy, S-propyleneimmocarbonyl, 4-biityleneinuno- 
cafbonyl, S-pentyleneiminocarbonyl, 6-hexyleneiminocarbonyl, 7-lteptyleneinmio- 
carbonyl, S-octyieneiminocarboiiyl, 9-nonyleneiiniiiocarbonyl, lO-decyleneimino- 
carbonyl, 1 l-imdecyleneiminocarbonyl, 12-dodecyleneiirmiocarbonyl, 2-ethyIene- 
carbonyliminQ, S-propylenecarbonylimino, 4-butylenecarbonyliramo, 5-pentylene- 
carbonylimino, 6-hexyienecarbonyliimno, 7-heptylenecarbonyliiiiino, 8-octylene- 
carbonylimiQO, 9-nonyleaecarbonylimino, lO-decylenecarbonylimino, 1 1-imdecylene- 
carbonyliinino^ 6-(3-propyleneimiiiocarbonyloxy)hexylene, 6-(3-propyleneoxy)- 
hexylene, 6-(3-propyleneoxy)hexyleneoxy, 6-(3-propyleneiiiriiiocarbonyloxy)- 
hasyleneoxy, 6-(3-propylenedininocarbonyl)hexyl, 6-(3 -propyleneiminocarbonyl)- 
hexyioxy, 1,2-ethylenedioxy, 1,3-propylenedioxy, 1,4-butylenedioxy, 1,5-pentylene- 
dioxy, 1,6-hexyienedioxy, 1,7-heptylenedioxy, 1,8-octylenedioxy, 1,9-iionylenedioxy, 
l,10-decylenedioxy» Ull-undecyienedioxy, 1,12-dodecyienedioxy and the like. 

The aliphatic, alicyclic or aromatic divaleat radical K is derivable firom 
aliphatic, alicyclic or aroraatic diamines by fomiai removal of tiie amino groups. 
Examples of aliphatic or alicyclic diamines from which die radical K can be derived 
include ethylenediamine, 13-propyI^ediamine, 1,4-butylenediamiae, 1,5-pentylene- 
diamine, 1,6-hexylenediamiae, 1,7-heptylenecEamine, 1,8-octylenediamine, 
1,9-nonylenediaminej 1,10-decyIenediamine, 1,1 l-undecyienediamine, 

1,12-dodecylenediamine, a,a-diamino-7«-xylene, aja-diammo-jj-xyiene, (S-amino- 
2;2,4-trimetiiylcyclopentyl)me1hylacmne, 1,2-diaminocyclohexane, 4,4'-diamino- 
dicyclohexylmethane, l,3-bis(methylamino)cyciohexane, and 4,9-dioxa- 
dodecane- 1 , 1 2-diamine. 

Examples of aromatic diamines from which the radical K can be derived 
include 3,5-diamiaobenzoic acid methyl ester, 3,5-diaminoben2;oic acid hexyl ester, 
3,5-diaminobenzoic acid dodecyl ester, 3,5-diarQinoben2Dic acid isopropyl ester, 
4,4'-methylenediaBiiine, 4,4'-ethylenediatiiIine, 4,4'-diamino-3,3'-dimethyIdiphenyl- 



^22- 



wo 01/07495 



PCT/EPOO/06788 



mefhane, 3,3',5,5-tetramethyIbenzidiiie, 4,4'-diaininodiphenyl sulfone, 4,4-diamiiio- 
diphenyl etiier, 1 ^S-diaminonaphth alene, 33 -<3imefhyl-4,4-diai3iinobiplieiiyl, 
3,4'-diaminodiphenyl ether, 3,3'-<3ia33iinobenzopheiioiie5 4,4-diaimnobenzophenoiie, 
4,4-diamino-2,2-dimethylbibenzyl, 2,2-bis[4-(4-amiiiophenoxy)pheiiyl] sulfone, 
l,4-bis(4-ainiaopheiioxy)benzene, l,3-bis(4-aminoplienoxy)beiizene, 13-bis(3-ainiiio- 
phenoxy)berLzerLe, 2, V-diamin ofluorene, 9,9-bis(4-aininophenyi)fiuorene, 

4,4-methylenebis(2-chloroaxiiline), 4,4-bis(4-aiQinopheiioxy)bipheiiyl, 2,2',5,5-tetra- 
chloro-4,4-diairdiiobiplienyl, 2,2-dicUoro-4,4~diaiEdnO'5,5'~dimethoxybiphenyl, 
3,3-dimethoxy-4,4'-diaiiiinobiphenyl, 4,4-(l,4-phenyieneisopropylidene)bisariiliiie, 
4,4^13-pb'enyieneisopropyKdene)bisamline, 2;2-bis[4-{4-aini]aopheiioxy)phenyl]- 
propane, 2,2-bis[3-(4-animophenoxy)phenyl]hexafluor^^ 2,2-bis[3-amino- 
-4-methylphenyl]hexafiuoropropane, 2,2-bis(4-aminophenyl)hexafluoropropane, 
2^-bis[4-<4-aimno-2-trifluoromethyipbeno5^ 

4,4'-diartimo-2,2-bis(trifluoromethyI)biphCTyl, and 4,4-bis[(4-ammo-2-trifluoro- 
methyl)phenoxy]-2,3,5,6,2',3',5\6'-octafluorobiphenyL 

The group J may be divalent, trivalent or tetravalmt. When J is divalent, it 
serves to link the groups S"* and S^, and and and N respectively of the groups 
VI to XI. It will be appreciated that when J is a divalent group, the monomer unit of 
which it forms a part is not linked to a side chain group B"^. When J is a trivalent or a 
tetravalent group, it serves to link the monomer unit M, of which it forms a part, to 
one or two side chain groups B"* respectively. It is preferred that the photoactive 
polymer comprises less than 75 %, of monomer units including a divalent group J, 
preferably less than '50 % and especially less than 30 %. Monomer units M comprising 
a trivalent group J are preferred. 

The building blocks of the formulae VII, IX and XI are amic acid groupings or 
amic acid ester groupings (i.e. carboxamide-carboxyhc acid groupings or 
carboxamide-carboxyiic acid ester groupings) which on the one hand may occur as a 
result of incomplete imidisation in the polyimide chain. On the other hand, polymers 
that consist only of building blocks of formulae VIE, DC or XT, that is to say polyamic 
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acids or polyamic acid esters, are important precursors for the preparation of the 
poJyimides according to the invention and are also included in the present invention. 
Of those polymers which contaia groups of foimulae VH^ DC or XI, preference is 
given to those in which G is hydrogen, that is to say those which consist exclnsively 
of; or contain some, polyamic acid groups. 

The polymers of the nivention may be prepared using methods that are known 
to a person skilled in the art and a second aspect of the invention provides a method of 
preparing a compound of formula (I) as defined above. 

The pol3mers of formula I, with acrylate, methacrylate and styrene derivative 
as repeating monomer unit, can be prepared in principle according to two different 
processes, in addition to the direct polyinerisation of pre-finished monomers there 
exists the possibility of pol3mier-analogous reaction of reactive photoactive 
derivatives with functional polymers. 

For the direct polymerisation, the monomers and the comonomers are firstly 
prepared separately from the individual components. The formation of the polymers is 
subsequently effected in a mamer known per se under the influence of UV radiation 
or heat or by the action of radical or ionic catalysts. Potassium peroxodisulfate, 
dibenzoyl peroxide, azobisisobutyronitrile or di-ter^-butyl peroxide are examples of 
radical initiators. Ionic catalysts are alkaIiH3rganic compounds such as phenylliiiiixnn 
or naphfhylsodium or Lewis acids such as BF3, AICI3, SnCls or TiCU- The monomers 
can be polymerised in solution, suspension, emulsion or substance. 

In the second process a polymer of formula I can also be produced in a 
polymer-analogous reaction from a pre-fioished functional polymer and a suitable 
functionalised photoactive derivative. Many known processes such as, for example, 
esterification, trans-esterification, amidation or the etherification are suitable for 
polymer-analogous reactions. 

Acrylate, methacrylate and styrene polymers typically have a molecular weight 
Mw of from 1 000 to 5 000 000, preferably from 5 000 to 2 000 000, and especially 
from 10 000 to 1 000 000. 
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Polyamic acids and polyimides of the present invention may be prepared in 
accordance with known methods, such as those described in Plast Eng. 36 (1996) 
(Polyimides, fundamentals and applications). 

For exanaple, the poiycondensation reaction for the preparation of the 
polyamic acids is carried out in solution in a polar aprotic organic solvent, such as 
y-butyrolactone, i\yV-dimethylacetamide, iV-methylpyrrolidone or TsyZ-dimethyl- 
formamide. In most cases equimolar amounts of the dianhydride and the diamine are 
used, that is to say one amino group per anhydride group. If it is desired to stabilise 
the molecular weight of the polymer, it is possible for that purpose to add an excess or 
a less-than-stoichiometric amount of one of the two components or to add a 
monofunctional compound in the form of a dicafboxylic acid monoanhydride or in the 
form of a monoamine. Examples of such monofunctional compounds are maleic acid 
anhydride, phthalic acid anhydride, aniline and so on. ITie reaction is carried out 
preferably at a temperature of less than 100 °C. 

The cyclisation of the polyamic acids to form the polyimides can be carried 
out by heating, that is to say by condensation with removal of water or by other 
imidisation reactions with reagraits. When carried out purely thermally, the 
imidisation of the polyamic acids is not always complete, that is to say the resultiag 
polyimides may still contain proportions of polyamic acid. The imidisation reactions 
are generally carried out at a temperature of from 60 to 250 but preferably at less 
than 200 ^C. In order to achieve unidisation at rather lower temperatures there are 
additionally mixed into the reaction mixture reagents that facilitate the removal of 
water. Such reagents are, for example, mixtures consisting of acid anhydrides, such as 
acetic acid anhydride, propionic acid anhydride, phthaKc acid anhydride, 
firifluoroacetic acid anhydride, and tertiary amines, such as triethylamine, 
trimethylamine, tributylamine, pyridine, AyV-dimethylaniline, lutidine, collidine etc.. 
The amount of reagents used in that case is preferably at least two equivalents of 
amine and four equivalents of acid anhydride per equivalent of polyamic acid to be 
condensed. 
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The imidisatdon reaction can be carried out before or alternatively only after 
application to a support. The latter variant is preferred especially whra the polyimide 
in question has poor solubility in the customary solvents. 

The polyamic acids and the polyimides of the present invention have an 
intrinsic viscosity preferably ia range of 0.05 to 10 dL/g, more preferably 0.05 to 
5 dL/g. Herein, the intrinsic viscosity {r\jjxSx = In rixe]/C) is determined by measuring a 
solution containing a polymer in a concentration of 0.5 g/100 ml for its viscosity at 
30 "^C using iV-methyl-2-pyrrolidone as solvent. 

The polyamic acid chains or polyimide chains of the present invention 
preferably contain from 2 to 2000 monomer units, especially from 3 to 200. 

Additives such as silane-containing compomids and epoxy-containing 
crosslinking agents may be added to the polymers of the invention in order to improve 
the adhesion of the polymer to a substrate. Suitable silane-containing compounds are 
described in PlasL Eng. 36 (1996) (Polyimides, fundamentals and applications). 
Suitable epoxy-containing crosslinking agents include 4,4-methylenebis- 
(jV^-diglycidylaniline), trimethylolpropane triglycidyl ether, benzene-l,2,4,5-tetra- 
carboxylic acid l,2:4,5-i%yV'-diglycidyldiimide, polyethylene glycol diglycidyl ether, 
TV'^-diglycidylcyclohexylantine and the like. 

Further additives such a photosensitiser, a photoradical generator and/or a 
cationic photoinitiator may also be added to the polymers of the invention. Suitable 
photoactive additives include 2,2-dnnefhoxyphenylethanone, a mixture of 
diphenyimethanone and iV'JV'-dimethylbenzeiiarQine or ethyl-4-(dimethylamino)- 
benzoate, xanthone, fhioxanfhone, Irgacure™ 184, 369, 500, 651 and 907 (Ciba), 
Michler's ketone, triaiyl sulfonium salt and the like. 

The polymers according to the invention may be used alone or in combination 
with other polymers, oligomers, monomers, photoactive polymers, photoactive 
oUgomers and/or photoactive monomers, depending up on the application to which the 
polymer layer is to be put. It will therefore be appreciated that by varying the 
composition of the polymer layer it is possible to control properties such as an 
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induced pretilt angle, good surface wetting, high voltage holding ratio, a specific 
anchoring energy etc. 

Polymer layers may be readily prepared from the polymers of the present 
invention and a third aspect of the invention provides a polymer layer comprising a 
polymer according to the present invention in a cross-linked form. The polymOT layer 
is preferably prepared by applying one or more polymers according to the invention to 
a support and, after any nnidisation step which* may be necessary, crosslinking the 
polymer or polymer mixture by irradiation with linearly polarised light. It is possible 
to vary the direction of orientation and the tilt angle within the polymer layer by 
controlling the direction of irradiation of the Unearly polarised light. It will be 
appreciated that by selectively irradiatimg specific regions of the polymer layer it is 
possible to align very ^ecific regions of the layer and provide layers with a defined 
angle of tilt. This orientation and tilt is retained in the polymer layer by the process of 
cross-linking. 

It will be appreciated that the polymer layers of the present invention can also 
be used as orientation layers for liquid crystals and a preferred embodiment of the 
third aspect of the invention provides an orientation layer comprising one or more 
polymers according to the invention in a cross-linked form. Such orientation layers 
can be used in the manufacture of optical constructional elements, preferably in the 
production of hybrid layer elements. 

The orientation layers are suitably prepared from a solution of the polymer 
material. The polymer solution is applied to a support optionally coated with an 
electrode (for example a glass plate coated with indimn-tia oxide (ITO)) by a spin 
coating process, to produce homogeneous layers of 0.05 to 50 pm thickness. The 
resulting layer is imidised, if required, and may then be selectively orientated by 
irradiation with a high-pressure mercury vapour lamp, a xenon lamp or a pulsed UV 
laser, using a polariser and optionally a mask for creating images of structures. The 
irradiation time is dependent upon the output of the individual lamps and can vary 
from a few seconds to several hours. The cross-Unking reaction can also be carried 
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out by irradiation using filters that, for example, only allow the radiation suitable for 
the cross-linking reaction to pass througlL 

It will be appreciated that the polymer layers of the invention may be used in 
the production of optical or electro-optical devices having at least one orientation 
Izycr as well as unstmctored and structured optical elements and multi-layer systems. 
A ferfher embodiment of the third aspect of the invention provides an optical or 
electro-optical device comprising one or more polymers according to the first aspect 
of the invention in cross-linked form. The electro-optical devices may comprise more 
than one layers. The or each of the orientation layers may contain one or more regions 
of different spatial orientation. 

The- invention will now be described with reference to the following non- 
limiting examples in which Tg represents the glass temperature, C represents the 
crystalline phase, N represents the nematic phase, I represents the isotropic phase, pdi 
represents the polydispersity index and p represents the number of repeating units in 
the polymer. Relative molecular weights were determined by gel permeation 
chromatography (GPC) at 35°C usiug THF as solvent with polystyrene added. 
Variations of these examples falling within the scope of the present invention will be 
apparent to a person skilled in the art. 
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Examples 
Examt>Ie 1 

Preparation of Pblv-ri-ril-r5-r-^-rr.g^"2-me1faoxvcarbonvIvmvnbeiizovl^ 

-mefhoxv-(1B')-4-rmethorycarbonvlvinvl>phen 

caibonvn - 1 -methvlethvlene] 



\ 




A mixture of 0.70 g (0.80 mmol) (^,-E}-5-[4-(2-mefhoxycarboiiyIvinyl)- 
berizoyloxy3-2-[6-[2-iaethoxy-4-(met3ioxycarbonylvinyl)pb^ 

acid ll-(2-methylacryloyloxy)iuidecyl ester and L32 mg (0.008 mmol) 
a.a'-azoisobutyronitrile (ATBN) in 4.0 ml dry tetrahydrofuran (THF) was degassed in 
a scalable tube. The tube was then sealed under argon aad stirred at 60 °C for 17 h. 
The resulting polymer was diluted with 2.0 ml THF, precipitated into 350 ml diethyl 
ether and collected. The polymer was reprecipitated from THF (5,0 ml) into 400 ml 
methanol to yield 0.35 g (52%)] Poly-[l-[ll-[5-[4-[(^-2-methoxycarbonylvinyl]- 
be[n2oyloxy]-2-[6-[2-methoxy-(E)-4-(methoxycarbonylvinyl)phenoxy]ox^ 
benzoyloxy3nndecyloxycarbonyl]-l-mefhylethylene as a soHd; Mji= 7.4x10"^, 
pdi = 2.12, Tg - 50.2 ^C, cl.p. (N/I) 68.1 °C. 

The (Z^-5-[4-(2-mefhoxycarbonyIvinyl)ben2oyloxy]--2- [6-[2-methoxy-4^ 
-(methoxycarbonylvinyl)phenoxy]oxyhexyl])benzoic acid 1 l-(2-methylacryloyloxy)- 
nndecyl estor used as starting material was prepared in accordance with the following 
procedure: 
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Prsparation of rEV4-carboxvIcinna3nic acid methvl ester 




o 



10.0 g (66.6 xnmol) 4-carboxybeiizaIdehyde were dissolved in 100 nil toluene 
and 23.6 g (69.9 nmol) [(methoxycarbonyI)metiiyl]triphenylphosphorane were added 
The reaction was slightly exothermic. The thick suspension was diluted with 50 ml 
toluene. AJfter 18 h at room temperatare the product was collected by filtration and 
was digest in 100 ml isopropyl alcohol at reflux temperature for 1 hour. The solid was 
then filtered off at 0 °C, dried overnight at 45 **C under vacuum, resulting in 8.9 g 
(65%) (^-4-caiboxyl cionamic acid methyl ester as white powder. 

Preparation of 2-methvlacrvlic acid 1 1-bromoundecv! ester 




19.2 g (76.4 mmol) U-bromo-l-undecanol, 7.2 g (84.1 nnnol) mefhacrylic 
acid and 1.03 g (8.4 romoi) 4-dimetfaylaminopyridiiis were dissolved in 157 ml 
dichloromethane. The solution was subsequently cooled to 0 °C and then a solution of 
17.4 g (84.2 mmol) dicyclohexylcarbodiimide in 80 ml dichloromethane was added 
dropwise at 0 °C over a period of 45 minutes. The reaction mixture was allowed to 
warm to room temperature, stirred for 19 hours and filtered. The filtrate was 
concentrated by evaporation. The residue was purified by chromatography using a 
siKca gel column (170 g) and toluene as eluant to give 19.3 g (98.4%) 2-methylacrylic 
acid 1 1-bromoundecyl ester. 
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Preparation of 2.5-dihvdTOXvbenzoic acid ll-r2-inetfavlacrvlovloxv^iiiidecv] ester 



8.46 g (54.9 nrmol) 2,5-dihydroxybenzoic acid was suspended in 55 ml 
acetonitriie. 8.24 ml (54^9 mmol) l,8-diazabicyclo[5.4.0]midec-7-ene(l,5-5) (DBU) 
were added dropwise over a period of 10 mimites. The reaction temperature was 
allowed to rise to 40 °C. The reaction mixture was cooled to room temperattire and 
19.3 g (60.4 mmol) 2-methacryHc acid ll-bromonndecyl ester was added and the 
resulting mixture was thCTi reflux for 17.5 hours. The reaction mixture was cooled and 
then extracted using diethyl ether and water; the diethyl ether was washed jSrstly with 
water, then with IN sulfuric acid and finally with water, dried over sodium sulfete, 
filtered and concentrated by rotary evaporation. The residue was recrystallised twice, 
firstly form a mixture of etiiyl acetate (17 ml) and hexane (100 ml) and secondly form 
a mixture of /^r/-butyl methyl ether (50 ml) and hexane (100 ml) to give 17.1 g (79%) 
2,5-dihydroxybenzoic acid ll-(2-methylacryioyloxy) ester as white crystals. 




OH 
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Preparation of f-g^"2"Hvdrorv^"S-r4-('2'methoxvcarbonv]viHvDbenzovloxv1be 
acid ll->r2-met3ivlacrvlovloxv)imdecvl ester 



4.76 g (12.1 mmol) 2,5-diliydroxyben2:oic acid ll-(2-inefhylacryloyloxy)ester, 
2.50 g (12.1 mcnoi) (^r)^carboxylciimainic acid methyl ester and 0.37 g (3.0 mmol) 
4-dimethylaminopyridine were dissolved in 30 ml of dichloromethane. A suspension 
of 2.32g (12.1 mmol) iV'<3-dimethylan3inopropyl)-i\^-ethylcarbodiimide hydrochloride 
and 25 ml dichloromethane were added dropwise over a pmod of 1 hour. After 1.5 
hour at room temperature the reaction mixture was extracted using dichloromethane 
and watex^ die dichloromethane was washed repeatedly with water, dried over sodium 
sulfate, filtered and concentrated by rotary evaporation. The residue was purified by 
chromatography using a silica gel colunm (240 g) using cyclohexane: ethyl acetate 
(9:1) as eluant to give 6.1 g (87%) (jE)-2-hydroxy-5-[4-(2-methoxycarbonylviDyl)- 
benzoyloxyjbenzoic acid ll-(2-methylacryloyloxy)undecyl ester as white powder, 
m.p. = 51 °C 
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Preparation of r.g>'4-Hvdroxv-3-methQXVciimamic acid methvl ester 



/ 




o 



5 25 g (0.13 mol) of (jE0-4-hydxoxy-3-methoxyciiiEiamic acid was dissolved in 

180 ml of methanol, aad 5 ml of concentrated sulfuric acid was added thereto. The 
solution was heated at reflux for 2 hours. The majority of the methanol (about 150 ml) 
was removed by distillation and the remaining residue was poured into 500 ml of 
ice-water thereby to effect precipitation of the ester, which was then purified by 

10 suction filtration and washed firstly with cold water, then with a small amount of cold 
saturated sodium bicarbonate solution and finally with cold water and dried at 50 *=*C 
under a water-jet vacuum. The product was then purified by chromatography using 
silica gel (250 g) usiag dichloromefhanerdiethyl ether (19:1) as eluant to give 21.78 g 
of (£5-4-hydroxy-3-methoxycinnamic acid methyl ester in the form of a light-yellow 

15 oil. 

Preparation of r.£^-4-r6-Hvdroxvhexvloxv>-3-methoxvcirinamic acid methvl ester 



/ 




o — 



20 3.92 ml (25 J2 mmol) of 1,6-hexanediol vinyl ether were added to a solution of 

5.0 g (24.0 mmol) of (£}-4-hydroxy-3-methoxycinnamic acid methyl ester and 6.61 g 
(25.2 mmol) of tripheiiylphosphine in 150 ml of tetrahydrofuran. The colourless 
solution was subsequently cooled to 0 °C and then 11.5 ml (25.3 mmol) of a 40% 
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solution of azodicarboxylic acid diethyl esto: in toluene weie added dropwise thereto 
over a period of 30 minutes. The roixture was subsequently allowed to react first for 
30 ininutes at 0 °C and then for 22.5 hours at room temperature. 150 ml of methanol 
and 10 drops of concentrated sulfuric acid were thm added to the reaction solution 
and the mixture was stirred for 1.5 hours. The reaction mixture was th©a extracted 
using ethyl acetate and water. The ethyl acetate was washed with a saturated sodium 
bicarbonate solution and repeatedly with saturated sodium chloride solution, dried 
over magnesium sulfate, filtered and concentrated by evaporation. The resulting 
residue was purified by column chromatography using silica gel (470 g) using toluene 
:ethyl acetate (1:1) as eluant RecrystalHsation firom ethyl acetate rhexane (3:5) gave 
6.13 g of 4-(6-hydroxyhexyloxy)-3-methoxycinnainic acid methyl ester. 

Preparation of r.g.^-5-r4-f2"Methoxvcarbonvlvinvnben20vloxvV2-f6'['2"methoxv 
rmethoxvcarbonvlvinvnDhenoxvloxvhexvIlbeDZoic acid 1 l-f2-methvlacrvlovloxvV 
nndecvl ester 




1.24 g (2.13 mmol) (E)-2-hydroxy-5-[4-(2-methoxycarbonylvinyl)benzoyI- 
oxyjbenzoic acid ll-(2-methylacryloyloxy)undecyl ester, 0.66 g (2.13 mmol) 
4-(6-hydroxyhexyloxy)-3-methoxycinnamic acid methyl ester and 0.59 g (2.24 mmol) 
of triphenylphosphine in 20 ml of tetrahydrofuran. The colourless solution was 
subsequently cooled to 0 °C' and 0.98 ml (2.15 mmol) of a 40% solution of 
asodicarboxylic acid diethyl ester in toluene was added dropwise thereto over a period 
of 10 miautes. The mixture was subsequently allowed to react for 3 hours at 0 ""C. The 
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reaction mixture was then partitioned between ethyl acetate and water; the organic 
phase was washed repeatedly with saturated sodium chloride solution^ dried over 
magnesium sulfate, JSltered and reduced ia volume by evaporation. The resultiag 
residue was added to a mixture of methanol and water (3:2). The resulting solid was 
5 separated from the solution by filtration and dried overoight at 45 °C under vacuum. 
The solid was purified by column chromatography using silica gel (150 g) and toluene 
rethyl acetate (9:1) as eluant to give 1.40 g (75 %) of . (JS:,£}-5-[4-(2-methoxy- 
carbonylvinyl)benzoyloxy]-2-[6-[2-methoxy-4-(methoxycarbonylvinyl)pheno^^ 
hexyi]benzoic acid Il-(2-methylacryioyloxy)undecyl ester as white powder. 

10 

Preparation of Polv~ri-ril-r('.g.^-2,5-di-r6-r2-methoxv-4-rmethoxvcarbonvlvinvl> 
pbenQxvloxvhexvnbenzovloxvlundecvloxvcarbonvll- 1 ^methvlethvlenel 




15 

This was effected using the procedure according to Example 1 usiag 0.87 g 
(0. 89 rnmol) (^,£)-2,5-di-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxy- 
hexyl]benzoic acid ll-(2-methylacryloyloxy)undecyr ester to give 0.25 g 
20 (30 %) poiy-[l-[ll-[(^,^~2,5-di-[6-[2-methoxy-4-(methoxycarbonylviQyl)phenoxy]- 
oxyhexyl]benzoyioxy]iindecyloxycarbonyl]-l-methylethylene] as bard solid; 
Mn= 6.9x 104,pdi=l,95. 
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The 



(£,i;}-2,5-di-[6-[2"mel3ioxy-4-(methoxycarboi]yIvm 



heacyljbisinzoic acid ll-(2-methylacryloyIoxy)itndecyl ester used as starting material 



Preparation of r.g^-2.5-di-[6-!"2'methoxv-4«f methoxvcaxborivlviiivDphenoxv'joxv- 
hexvllbeiizQic acid ll~r2-methvlacrvlovIoxy')undecvl ester 



0.50 g (1.55 ramol) 2,5-diliydroxyfaenzoic acid ll-(2"mefhylaciyloyloxy)ester, 
0.96 g (3.10 minol) (£)-4-(6-hydroxyhexyloxy)-3-rQethoxyciimamic acid methyl ester 
and 0.81 ml (3.26 mmol) of tributyiphosphine were dissolved in 10 ml of 
tetrahydrofuran and 0.82 g (2.10 mmol) of l,l'-'(azodicarbonyl)dipiperidine were 
added. The mixture was allowed to react for 1 liour at room temperature. The reaction 
mixture was then extracted using ethyl acetate and water. The ethyl acetate was 
washed repeatedly with saturated sodium chloride solution, dried over magnesium 
sulfate, filtered and concentrated by evaporation. The resulting residue was purified 
by colunm chromatography using silica gel (150 g) using toluene:ethyl acetate (85:15) 
as eluant to give 0.82 g (59 %) of (-E;j?)-2,5-di-[6-[2-methoxy-4-(methoxy- 
carboiLylvinyl)phenoxyjoxyhexyl]ben2oic acid ll-(2-methylacryioyloxy)undecyi ester 
as white powder. 

Tlie foUowing compounds were prepared in an analogous manner: 



was prepared in accordance with the following procedure: 



— o 
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- Poly-[l-[l l-[(£'^£}-3,5-di-{6-[2-methoxy-4-(methoxycarbonyl^^ 
phenoxy]oxyhexyl]b enzoyloxy]mdecyloxyc^bonyl]- 1 -m 

Mn = 1.07x105, pdi = 2.90 

- Poly-[l-[l l-[(^:^£}-3,4-di-[6-[2-metiioxy-4-(me1iio^^ 
phenoxy]oxyhexyl3beB2Dyloxy]imdecyloxycarbonyl]-l-me1iiy 
Mn = 3.59x105, pdi = 5.7 

Example 3 

Preparation of t)olv-f 1 -fl 1 5-r6-r2-methoxv-4/g)-f me1hoxvcaii?onvlvinvDT>heTiovy]- 
oxvlimdecvloxvcarbonvll - 1 -methvletfavlene] 




FoRowing the procedure of Example 1 and using 0.634 g (0.624 mmol) (2;^- 
5"[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]-2-[6-[3-(3 
-4-butoxyphenyl)acryloyloxy] oxyhexyljbenzoic acid 1 1 -(2-methylacryloy ioxy)- 
undecyi ester and 1.0 mg (0.0062 mmol) a.a'-azoisobutyroxiitrile (AIBN) yielded 
0.464 g (73 %) of Poly-[l-[ll-[5-[6-[2-methoxy-4fS;-(methoxycarbonylvinyl> 
phenoxy]oxyhexyl]-2-[6-[3f^>(3-methoxy-4-butoxyphenyl)acryloyioxy]oxyhexy 
benzoyloxy]iuidecyloxycarbonyl]-l-methylethylene3 as a solid; Mn= 1.53x10^ 
pdi = 2.54, Tg=17.7°C. 
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The (S,^;-5-[6-[2-me&oxy-4-(methoxycarbonylvinyl)phOT^ 
2-[6-[3-(3-me1iioxy-4-butoxyphenyl)acryloyloxy]oxyhe^^ acid 1 1-(2- 

metiiylacryloyloxy)midecyl ester used as starting material was prepared in accordance 
with the foUowmg procedure: 

Preparatioii of /jgj-4>butoxV"3-inethoxvciimainic acid methvl ester 



/ 




o — 



4.16 g (20.0 mmol) femlic acid methyl ester was dissolved in 115 ml 2- 
butanone. 2.09 mi (22.0 mmol) n-butyi bromide and 11.06 g (80 mmol) potassium 
carbonate were added. The reaction suspension was then heated at reflux temperature 
for 20 hours. The reaction mixture was filtered. The filtrate was concentrated by 
evaporation. The crude product was recrystallised firom 42 ml isopropyl alcohol 
yielded 4.85 g (92 %) (^-4-butox5^-3-methoxycinnamic acid methyl ester as white 
crystals. 

Preparation of /^^J-4-butoxv-3-methoxvcinnamic acid 



/ 




OH 



10 g (0.15 mol) potassium hydroxide were dissolved in a mixture of 200 nil 
methyl alcohol and 5 ml water. 4.85 g (18.35 mmol) (2^>4-butoxy-3- 
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methoxycinnamic acid methyl ester was added. The reaction mixtirre was 
subsequently heated to 60°C. After 2.5 h the mixture was concentrated by 
evaporation. The residue was dissolved in 100 nil cold water and acidified to pH=l 
with 13.5 ml hydrochloiic acid 37 wt %. The product was filtered of^ washed with 
water and dried at 50 "^C under vacuum to give 4J24 g .(92 %) (S^-4-butoxy-3. 
methoxycinnamic acid as white crystals. 

Preparation of <^)-4-butoxv-3-methoxv r,7nna-mic acid 6-hvdroxvhexvl ester 



/ 




Following the procedure of Example 1 aud using 1.38 g (5.50 nunol) (E)-4-butoxy-3- 
methoxycinnamic acid, 0.84 g (5.50 mmol) l,8-dia2abicyclo[5.4.0]undec-7-'ene(l,5-5) 
(DBU) and 0.68 g (5.0 imnol) &-chlorohexaaol gave 1.39 g (79 %) (2:;-4"butoxy-3- 
methoxycinnamic acid 6-hydroxyhexyl ester as colourless oil. 

Preparation of r^-2-Hvdroxv-5~r6-r2-methoxy-4-fmethoxvcarbonvlvinvl^pheDQ'?rv^^ 
oxvhexvllbenzoic acid ll-r2'methvlacrvlovloxv>undecvl ester 



— o 
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1.27 g (3^24 mmol) 2,5-dihydroxyberizoic acid ll-(2-mefliylaciyioyloxy)ester, 
1.0 g (3.24 nmol) 4-(6-hydroxyhexyloxy)-3-methoxyciimamic acid methyl ester aad 
0.89 g (3.40 mmol) of triphenyiphosphine were dissolved in 20 ml of tetrahydroforaiu 
The colourless solution was subsequently cooled to 0 °C and then 1,48 ml (3.40 
mmol) of a 40 % solution of azodicarboxylic acid diethyl ester in toluene was added 
dropwise thereto over a period of 1 0 minutes. The mixtare was subsequently allowed 
to react for 3 hours at 0 °C. The reaction mixture was then partitioned between ethyl 
acetate and water; the organic phase was washed with repeatedly with saturated 
sodium chloride solution, dried over magnesium sulfate, filtered and concentrated by 
evaporation. The residue was digest in a mixture form methanol and water 3:2. The 
solid was then filtered off and dried overnight at 45 °C under vacuum, 
Chromatogr^hy of the solid on 150 g of silica gel using toluene : ethyl acetate 1:1 
yielded 1.45 g (65 %) of (5}-2-hydroxy-5-[6-[2-methoxy-4(mefhoxycarbonylvinyl)- 
phenoxy]oxyhexyl]benzoic acid ll-(2-methylacryloyloxy) undecyl ester as colourless 

oil. 

PreparatioTi of /^jg,,g)-5-r6'r2-methQxv-4-imethoxvcarbonvlvinvl>pheno^ 

■-2-[6>-r3-f3-rnethoxv-4-butoxvi3henvl'^acrvlovloxv]oxvhexvl]ben2oic acid 

1 ur2>metbylaervlovlo xv^undecvl ester 




0.81 g (1.18 mmol) (^-2-hydroxy-5-[6-[2-methoxy-4-(methoxy- 
carbonylvinyl)phenoxy]oxyhexyl3benzoic acid 1 l-(2-methylacryioyioxy) undecyl 
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estex, 0,414 g (1.18 mmol) 4-(6-hydroxyhexyioxy)-3-methoxycimaroic acid methyl 
ester Bnd 0.31 ml (1.24 mmol) of tribxitylphosphine were dissolved in 10 ml of 
tetrahydrofuran to which a mixture of 0.313 g (1.24 mmol) of 1,1'- 
(azodicarbonyOdqsiperidiae and 5 ml tetrahydrofiiran was subsequently added ia a 
dropwise fashion over a period of 1 hour. The mixture was allowed to react for 18 
hours at room temperature. The reaction mixture was then partitioned betweeu ethyl 
acetate and water; the organic phase was washed with repeatedly with saturated 
sodium chloride solution, dried over magnesium sulfate, filtered and concentrated by 
evaporation. Chromatography of the crude product on 120 g of silica gel using toluene 
: efhyl acetate 4:1 and crystallisation form tert-hutyl methyl ether yielded 0.63 g (62 
%) (2',jE)-5-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyIiexyl]- 
-2-[6-[3-(3-methoxy-4-butoxyphenyl)acryloyloxy]oxyhexyl]ben2X)ic acid 
ll-(2-methylacryloyioxy)undecyl ester as white crystals. 

F.yam ple 4 

Preparation of Polv-ri-ri 1 4f£^.^.^-3.4.5--tri46-r2-methoxv-4>fmethoxvearbQTivU 
vinvnnhenoxvloxvhexvllbgnzovloxvlundecvloxvcarbonviyi-methvlethvlgne 



\ 




o 

/ 
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Preparation can be carried out analogously to Exiample 1 using 0.50 g (0.413 
mmol) (^,^,^-3,4,5-tri-[6-[2-methoxy-4-(niefhoxycarbon 

benzoic acid n-(2-metiiylacryioylo3cy)midecyl ester and (0.004 nmol) 
a-a'-azoisobutyronitrile (AJBN) yield Poly-[l«[ll-[(^,i:,^-3,4,5-tri-[6-[2-methoxy- 
-4-(inefhoxycarbonylvinyl)phenoxy]oxyhexyI]benzoyloxy]mdecyb 
thylethylene]. 

The (^,^,-E}-3,4,5-tri-[6-[2-mefhoxy-4«(methoxycarbonylvinyl)p^ 
hexyljbenzoic acid ll-(2-methylacryloyloxy)undecyl ester used as starting material 
was prepared in accordance with the following procedure: 

Prgparation of 3,4.5-dihvdroxvbeDZoic acid 6"f2-metfaacrvlovIoxv')hexvl ester 



This was effected using the procedure according to Example 1 using 6.08 g 
(32.3 mmol) gallic acid, 5.41 g (35.5 mmol) l,S-diazabicyclo[5.4.0]undec-7-ene- 
(1,5-5) (DBU) and 6.38 g (21.5 mmol) 2-methacrylic acid 6-iodohexyI ester to give 
2.43 g (33 %). 



HQ 
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Preparation of r£'.£'.£^-3,4J-tri-r6-r2-methoxv-4-rmethoxYcarbonvlvmyDDhen^ 
Qyvhexvllbeazoic acid ll->r2-inethvlacrvlovloxv)undecvl ester 



\ 




o 

/ 



Following the procedure of Example 1 and using 1.00 g (2.95 mmol) 3,4,5- 
dihydroxybenzoic acid 6-(2-metliacryloyloxy)liexyl ester, 2.32 g (8.87 mmol) 
triphenylphosphine, 2.73 g (8.87 ramol) (^-4-(6-hydroxyliexyloxy)3-methoxy- 
crtmarDic acid methyl ester and 4,03 ml (8,87 mmol) of a 40% solution of azo- 
dicarijoxylic acid diethyl ester in toluene to give 0.95 g (27 %) of (E,E,E)- 
3,4,5-tri-[6-[2-methoxy-^(methoxycarbonyl\dnyI)phenoxy]oxyh.ex^^ acid 11- 

(2-mefhylacryloyloxy)undecyl ester as colourless oil. 

Example 5 
Polyimide 

94.2 mg (0.4803 mmol) of 1,2,334-cyclobutantetracarboxyIic acid dianhydiide was 
added to a solution of 0.500 g (0.5336 rnmol) of 3,5-diaminobenzoic acid 
ll-[2-[6-[2-methoxy-4-(mefhoxycarbonylvinyl)phenoxy]oxyhexyl]]-5-[4-(2-methoxy- 
carbonylvinyl)benzoyloxy]beiizoyloxy3undecyl ester in 3 ml of tetrahydxofuran. 
Stirring was then carried out at 0 °C for 2 hours. 10.4 mg (0.0530 mmol)) of 
1,2,3,4-cyclobutantetracarboxylic acid dianhydride were added. The mixture was 
subsequently allowed to react for 69 hours at room temperature. The polymer mixture 
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was diluted with 3,0 ml THF, precipitated into 150 ml diethyl ether and collected The 
polymer was reprecipitated form THF (10 ml) iato 500 ml water to yield, after drying 
at room temperature mider vacuum, poiyamic acid. 

The 3,5-diaimnobenzoic acid ll-[2-[6-[2-methoxy-4-(methoxycarbonylvinyl)- 
phenoxy]oxyhexyl]]-5-[4<2-mefhoxycarbonyl-vinyl)beDZoyloxy]beri2;oylo^^ 
ester used as starting material was prepared in accordance with the following 
procedure: 

S^S-Dinitrobenzoic acid ll-bromonndecyl ester 



P 

0=N 




11.4 g (45.4 m mol) 11-bromo-l-undecanoi, 11.0 g (47.7 mmol) 
3,5-dimtroben2:oyl chloride and 54 mg 4-dimethylaminDpyridine were dissolved in 94 
ml dichloromethane. The solution was subsequently cooled to 0 °C and then 18.3 ml 
(227 xamol) pyridine was added dropwise, in the course of 25 minutes. After 4.5 hours 
at 0 °C the reaction mixture was partitioned between dichioromethane and water. The 
organic phase was washed repeatedly with water, dried over sodium sulfate, filtered 
and concentrated by rotary evaporation. Chromatography of the residue on 200 g 
sihca gel using toluene yielded 18.1 g (90%) 3,5-dinitroben2:oic acid 
11-bromoundecyl ester as yellow powder. 
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3,5-Diiiitrobenzoic acid 1 l-[2,5-di3iydroxybeii2oyloxy]midecyl ester 
P" 




2.78 g (18.0 mmol) 2,5-dLhydroxybenzoic acid was dissolved in 36 ml 
5 dimetfaylfoimaimde. 2.96 ral (19,8 mmol) l,8-diazabicyclo[5;4.0]uiidec-7-eiie(l,5-5) 
(DBU) was added dropwise in the course of 15 minutes. The reaction temperature rose 
to 30 °C and 8.83 g (19.8 mmol) 3,5-dinitrobenzoic acid 1 1-bromomidecyl ester was 
subsequently added in one portion. The raixture was then heated at 80 "^C for 2 hours. 
The reaction mixture was cooled and then partitioned between dichloromethane and 
10 IN hydrochloric acid; the organic phase was washed twice with water, dried over 
sodium sulfate, filtered and concentrated by rotary evaporation. Chromatography of 
the residue on 200 g sihca gel using Toluene yielded 5.28 g (57%) 3,5-dinitrobenzoic 
acid ll-[2,5-dihydroxybenzoyioxy]undecyl ester as yellow powder. 
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3,5-Diiiitrobenzoic acid 1 l-[2-hydroxy-5«[4-(2-methoxycarbonylviayl)beii^ 
benzoyioxyjtindecyl QSta: 



0=N 




2-50 g (4.82 mmol) 3,5-Diintrobenzoic acid ll-[2,5-dihydroxybeiizoyloxy] 
■undecyl ester, 0.99 g (4.82 mmol) (^-4-carboxyl ciimamic acid methyl ester and 0.15 
g (1*20 mmol) 4-dimethyiamiriopyridiae were dissolved in 12 ml of dicHoromethane. 
A suspension of 0.92 g (4.82 mmol) 7V"-(3-dimethylaminopropyl)-Jv''-efhylcarbodiimide 
hydrocMoride and 10 ml dichloromethane were added dropwise in the coiirse of 45 
minutes. After 3 hours at room temperature the reaction mixture was partitioned 
between dichloromethane and water; the organic phase was washed repeatedly with 
water, dried over sodium sulfate, filtered and concentrated by rotary evaporation. 
Chromatography of the residue on 100 g silica gel xising toluene yielded 2.63 g (77%) 
3,5-dinitrobenzoic acid ll-[2-hydro:3Q^ 5-[4-(2-methoxycarbonyl'-vinyl)benzoyloxy3 
benzoyloxy]undecyl ester as yellow powder. 
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3,5-Diiiitrobenzoic acid 1 1 -[2-[6-[2-inethoxy-4-(methoxycarbonylvinyl)pheiioxy]- 
oxyhexyl]-5-[4-(2-methoxycarbonylvinyl)ben^^ 



0=N 



o'-H 




1-00 g (1.41 mmol) 3,5-dinitrobenzoic acid ll-[2-hydroxy- 
5.[4.(2-me1iioxycarbonylvinyl)beiizoylo^^ ester, 0.436 g (1.41 

mmol) (5)-4-(6-hydroxyhexyloxy>3-methoxyc±mamic acid methyl ester and 0.37 ml 
(1.48 mmol) of tributylphosphine were dissolved in 10 ml of tetrahydrofiiraa and 0.37 

10 g (148 mmol) of l,l'-(azodicarbonyl)dipiperidme is added. The mixture was allowed 
to react for 1 hour at room traiperature. The reaction mixtare was then partitioned 
between efhyl acetate and water; the organic phase was washed with repeatedly with 
saturated sodimn chloride solution, dried over magnesium sulfate, filtered aad 
concentrated by evaporation. Chromatography of the solid on of silica gel yield 

15 3,5-Dmitrobenzoic acid ll-[2-[6-[2-methoxy-4- (methoxycarbonylvinyl) 
phenoxy3oxyhexyl]-5-[4-(2-methoxycarbonylvinyl)ben2oyloxy]benzoyloxy]^ 

ester. 
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add n-lZ-lHl-mcfi^^^^^^^^ 



H 

r 





0.997 g (1.00 mn.01) 3,5-Dmitrobez^ic acid 11 -f2-t6-f2-m=tho^^ 
(methoxycaAonylvi^I) Pi-cxy]oxyh=^i].5.f4<2-m=thoxycarbonyl™yI)b=n«>y] 
oxyjbe^yloxyjundeeyl eaer a„d Og (4.00 mmol) of anmoiumn chloride w=re 
sosp^dcd m 15 ml of a mixture consisting of methanol : water 9-1 13i „ 
(20.0 mmol) of zinc was then added in one portons. After 0.5 hour at room 
temperatm-e 20 ml of a mixture consisting of methanol : water 9:1 is added to the thick 
su^ensiot. Afier a toher 21 hours fl,e reaction suspension was partitioned between 
dchloromethane and water. Ihe resulting suspensiou was fflteted, the organic phase 
was washed with a satmated sodium bicarbonate sobtion «d repeatedly with water 
The organic phase was then dried over sodium sulfite, Altered and concentrated bv 
evaporation. Chromatography of dae residue on silica yield 3.5.Diaminobenzoic acid 
Jl-[2-[6-[2-meaioxy-4-(meaoxycaAonylvinyl)phenoxy]oxyhexyI]. 
5-[4-(2-methoxycarbonylvinyI)beuzoyIoxy]benzoyloxy]undecyl ester. 
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Example 6 

Preparation of PQlv-[l-r6-r3.5-bisrr2-methoxv-4-rf£^-2~rmethoxvcarbonvnviT^^^ 
phenoxv1methvl]phenoxv1hexvlQXVcarboTivI1-l-methvl-ethvlene] 




A solution of 0.46 g (0.63 mmol) 2-methylacryIic acid 6-[3,5-bis[[2-metiioxy- 
4-[(JS}-2-(mefeoxycarbonyl)vinyI]phenoxy]met^^ ester and 1.0 mg 

(0.0063 mmol) a.a'-azoisobutyronitrile (AIBN) in 1.6 ml dry tetrahydrofuran (THF) 
was degassed in a Schlenk tube and sealed under argon. The mixture was stirred at 
55 for 15 h. The resulting polymer was precipitated into 500 ml methanol and 
collected. The polymer was reprecipitated from 3.0 ml THF into 500 ml diethylether 
at 0 °C to yield 0.2 g (46%) Poly-[l-[6-[3,5-bis[[2-methoxy-4-[(£}-2-(methoxy- 
carbonyl)viayl]phenoxy3methyl]phenoxy]hexyloxycarbonyl]--l-methyl-ethylene] as a 
white solid. 

The 2-methylacrylic acid 6-[3,5-bis[[2-methoxy-4-[(^-2-(methoxycarbonyl) 
vinyl]phenoxy3methyl]phenoxy]hexyl ester used as starting material was prepared in 
accordance with the following procedure: 
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Preparation of 5-rf6-ChlorohexvI>oxv]isophthalic acid dimethyl ester 




13.02 g (95.3 mmol) of 6-chlorohexa3iol were added to a solutioiL of 20.04 g 
5 (95.3 mmol) of 5~hydroxyisophthaIic acid dimethyl ester and 47.4 g (180,5 ramol) of 
triphenylphosphine in 300 ml of tetrahydrofuran. The coioiirless solution was cooled 
to 0 °C and then 79 ml (180.5 namol) of a 40% solution of azodicarboxylic acid 
diethyl ester in toluene were added dropwise over a period of 2 hours and 45 minutes. 
The mixture was allowed to react for another 30 minutes at 0 °C and then for 22 hours 
10 at room temperature/ The reaction mixture was concentrated by evaporation under 
vacuum. The residue was filtered throng silica gel using dichloromethaneidiethyl- 
ether (85:15) as eluent. The filtrate was concentrated ia vacuum and further purified 
by column chromatography on silica gel with hexanerefhyl acetate (9:1) to give 17.12 
g (55%) of 5-[(6-chlQrohexyl)oxy]isophthaIic acid drmelhyl ester as a white solid. 

15 

Preparation of r3-r(6-Chlorohexvl)oxv]-5-fhvdroxvmethvllt)henvnmethanoI 




20 6.5 g (19-8 nunoi) 5-[(6-chlorohexyl)oxy]isophthaIic acid dimethyl ester were 

dissolved in 65 ml tetrahydrofiiran in an atmosphere of argon. The colourless solution 
was cooled to -25 °C and then 42 ml (41.6 mmol) of a 1 molar solution of 
Hthimnaluniiniumhydrid in tetrahydrofuran were added dropwise over a period of 30 
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mmutes. The reaction loixture was carefhlly quenched in sequence first with 5 ml of 
meftanol and thoQ with 50 ml of a 1 molar solution of HCl in water. The suspension 
was stirred for 1 hour at room temperature and subsequently filtered through speedex. 
The solid residue was washed carefully with 100 ml of terL-butyl-methylefher. The 
orgardc phase of the filtrate was separated, washed with 100 ml of a saturated sodium 
bicarbonate solution and 100 ml of water, dried over magnesium sulfate, filtered and 
concentrated in vacuum. Column chromatography of the cmde product on 250 g of 
siHca gel using dichloromethanermethanol (9:1). as eluent gave 5 g (93%) of [3-[(6- 
chiorohexyl)oxy]-5-[hydroxymethyl]phenyl]methanol as a white solid. 

Preparation of r£^>3-r4-rr3-rr6-CMorohexvDoxv1-5-rr2-methoxv-4-rr.g>-2 
carbonvDvinvl1nhenoxvlmethyIlbenzvnoxv]-3-methoxvphenvllacr^^^ acid TngfTiyT 
ester 



1.5 g (5.5 mmol) [3-[(6-chlorohexyl)oxyJ-5-[hydroxymethyl]phenyl] methanol 
were added to a solution of 2.86 g (13.7 mmol) (jEr)-4-hydroxy-3-methoxycinnamic 
acid methyl ester (see Example 1) and 3.61 g (13.7 mmol) triphenylphosphine in 20 
ml tetrahydrofiiran. The colourless solution was cooled to 0 ''C and then 6 g (13.7 
mmol) of a 40% solution of azodicarboxylic acid diethyl ester ia toluene were added 
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dropwise over a period of 2 hours. Hie mixture was allowed to react for 2 hours at 
0 °C and then for 22 hours at room temperature. The reaction mixture was 
concentrated in vacuum. The solid residue was dissolved in 50 eqI of dichloromefhane, 
washed with 30 ml of an 1 M HQ solution, 50 ml of a saturated sodium bicarbonate 
solution and repeatedly with water, dried over magnesium sulfate, filtered and 
concentrated by vacuum evaporation. The semicrystalime residue was dissolved in 15 
ml methanol at 60 °C. The final product crystallized on standing at -20 °C overnight. 
RecrystaUization firom 38 ml of methanol gave 3.5 g (96%) of (£}-3-[4-.[[3-[(6- 
cMorohexyl)oxy]-5-[[2-mefhoxy-4-[(£}-2-(methoxycarbonyl)vinyl]phenoxy]methyi^ 
ben2yl]oxy]-3-methoxyphenyl3acryiic acid methyl ester as white crystals. 

Preparation of 2-Methvlacrvlic acid 6-r3,S-bisrf2-methoxv-4-rr.£V2->fmethoxv> 
earbonvDvinvnnhenoxv^lmeflivnphenoxvlhexvI ester 



382 mg (2.5 mmol) l,8-dia2abicyclo[5.4.03undec-7-ene(l,5-5) PBU) in 4 ml 
N,N-dimethylformamide were added dropwise to a solution of 200 mg (2.3 mmol) 2- 
methyiacryiic acid in 8 ml N,N-dimethylfomiamide over a period of 35 minutes. After 
addition of 4 mg phenothiazhie, 1.5 g (2.3 rumol) (£)-3-[4-[[3-[(6-chlorohexyI)oxy]-5- 
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[[2-mefhoxy-^-[(£)-2-(metiioxycarbonyl)viayl]^^ 

metiioxyphenyl] acrylic acid methyl ester and 84 mg tetrabutylammorditm iodide the 
resulting mixture was stirred at 80 °C for 25 hours. The reaction mixture was poured 
into 50 ml of an ice cold 1 M HCl solution. The aqueous phase was extracted three 
5 times with 50 ml ethyl acetate. The organic phase was washed with 50 ml of a 
saturated soditim bicarbonate solution and repeatedly with water, dried over 
magaesium sulfate, filtered and concentrated by vacuum evaporation. Purification of 
the residue by column chromatography on 275 g silica gel iisiug hexane: ethyl acetate 
(1:1) as eluent yielded L46 g (90%) of 2-methylacrylLc acid 6-[3,5-bis[[2-methox3^-4- 
10 [(£).2-(methoxycarbonyl)vinyl]phenoxy]methyl]phenoxy]hexyl ester as yellowish oil, 

F.yaTTi ple 7 

Preparation of Polv-n -|"6-r3.5«bisrr2-meflioxv-4-r r.g>-2-rmethoxvcarbonvnv^TiYn 
phenoxv1methvl1nhenoxv7hexvloxvcaifaonvl1-l-methvl-ethvlene-co-l-r2-r4-rf.g^^ 
15 rmetfaoxvcarbonvlMnvl1ph.enoxv1ethoxvcarbonvl1-- l-methvl-ethvlenel (1:1^ 




-53- 



wo 01/07495 



PCT/EPOO/06788 



A solution of 0.50 g (0.71 mmol) 2-methylaciylic acid 6-[3,5-bis[[2-methoxy- 
4-[(£)-2-(melhoxycarbonyl)vinyl]phenoxy]me&^ ester, 0.21 g (0.71 

. mmol) 2-metiiyIacryIic acid 2-[4-[(^2-(methoxycarbonyl)viiiyl]phenoxy]ethyl ester 
and 2.3 mg (0,014 mmol) a.a -azoisobutyroxdtrile (AIBN) in 2.8 ml dry tetrahydro- 
5 furan (THF) was degassed in a Schlenk tube and sealed nnder argon. The mixture was 
stirred at 55 °C for 21 L The resnlting polymer was precipitated into 700 ml diethyl- 
ether and collected. The polymer was reprecipitated from 5 ml THF into 500 ml 
diethylether to yield 0.58 g (82%) Poly«[l-[6-[3,5-bis[[2-methoxy-4-[(£}-2-(methoxy- 
carbonyl)vinyl]phenoxy3methyl]phenoxy]hexyloxycarbonyl]- 1 -methyl-efhylene~co- 1 - 
10 [2-[4-[(J5)-2-(methoxycarbonyl)vinyl]phenoxy]ethoxycarbonyl]-l-methyl-ethy 
(1:1) as a white solid. 

The 2-methylacrylic acid 2-[4-[(^'2-(methoxycaxbonyl)vinyl]phenoxy]ethyl 
ester used as comonomer was prepared according to the following procedure: 

15 

Pr^aration of 3-/'4-Hvdroxvphenvl')acrvIic acid methvl ester 




O 



20 ^ 51-2 g (312 mmol) of p-coumaric acid were dissolved in 330 ml of methanol 
and treated with 10 ml of concentrated sulphuric acid. The solution was heated under 
reflux for 2 hours. Subsequently the majority of the methanol (about 200 ml) was 
distilled off and the residue remaioing behind was poured into 1.3 1 of ice-water. The 
separated ester was filtered off under suction and washed in succession with cold 

25 water, with a small amount of cold NaHC03 solution and again with cold water. 
Drying at 50 °C m a water-jet vacuum gave 51.1 g of 3-(4-hydroxyphenyl)acrylic acid 
methyl ester in the form of a light brownish coloured powder. 
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Preparation of r£^-3'-[4-[2-Hvdroxyethoxv]phenYl]acrvlic acid methvl ester 




O 



30 g (168 mmol) of 3-(4-hydroxyphmyl)acryIic acid methyl ester, 29 g (210 
mmol) of aiihydrous K2CO3 and a spatula tip of KI were -placed in 200 ml of 
dimetihylfonnamide. 14.91 g (185 mmol) of 2-chloroefhfliiol were added dropwise at 
85 °C within 5 minutes while stining. The batch was stirred at 85 °C for a further 3 
days. Subsequently, the salts were filtered off and the filtrate was concentrated to 
dryness in a water-jet vacuum. 16.1 g of (^-3-[4-[2-hydroxyethoxy]phenyl]acrylio 
acid methyl ester were obtained in the form of white crystals after recrystaUization 
from i-propanoL 

Preparation of 2-Methvlacrvlic acid 2-r4-rr.g>-2-rmethQxvcarbonvI)vinvnnhenoyy]- 
ethvl ester 




2.56 g (30 mmol) of methacrylic acid in 10 ml of THF were slowly added 
dropwise to a solution of 6 g (27 ramol) of (-£)-3-[4-[2-hydroxyethoxy]phenyl]acrylic 
acid methyl ester, 5.85 g (28.3 mmol) of N,N -dicyclohexylcarbodiimide (DCC) and 
0.37 g (3 nomol) of 4-dimethylamino-pyridine in 80 ml of tetrahydrofuran (THF). The 
batch was stirred at room temperature overnight. In order to complete the reaction 
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there were added firstly a jEurfher IM g (7.1 mmol) of DCC and, after stirring for one 
hour, a further 0.5 g (5.9 mmol) of methaciylic acid. The batch was stirred for a 
further 24 hours, filtered and the filtrate was extracted 3 times each time with 200 ml 
of 5% acetic acid and 200 mi of water. The ether phase was dried over NajSO^, 
evaporated and the residue was recrystalhzed firom cyclohexane. Subsequently, the 
still slightly impure product was fi^.tered over a thin silica gel layer (eluent: diethyl 
ether^hexane = 1:1). This gave 8.3 g of 2-methylacrylic acid 2-[4"[(jE)-2-(methoxy- 
carbonyl)vinyl]phenoxy] ethyl ester as a white powder with a melting point of 81-82 
°C and an absorption maximum of Xmax. 0^ CH^Cy == 306.5 urn (s = 23675 1/mol 
cm). 

Example 8 

Preparation of Polv>ri-r6-r3-f2>methQXV-4>r2-cvano-(£r\>2-toethoxvcarbQnvnvinvI]- 
phenoxvmethvl]>5~r2>m&tfaoxv>4-fr£^-2-frn.ethQXVcarbonvDvinvl]phenoxvm^^ 
phenoxvlhexvloxvcarbonvlVl -methvl-etfavlenel 
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A solution of 0.35 g (0.48 mmol) 2-mefhylacryIic acid 6'-[3-[2-mefhoxy-4-[2- 
cyano-(^-2-(methoxycarbonyl)vinyl]phenoxymet^^ 

oxycarbonyl)viiiyl]pheiioxymethyl]phenoxy]liexyl ester and 0.78 mg (0.0048 mmol) 
a.a'-azoisobutyronitrile (AIBN) in 1.2 mi dry tetrabydrofuxan (THF) was degassed in 
a Schlenk tube and sealed under argon. Hie naixture was stirred at 55 for 16.5 b. 
The residting polymer was precipitated into 350 ml methanol and collected. The 
polymer was reprecipitated from 3 ml TBDF into 350 ml methanol to yield 0.11 g 
(31%) PoIy-[l-[6-[3-[2-methoxy--4-[2-cyano-(^-2-(methoxycarbonyl)vinyy^ 
methyl]-5-[2-methoxy-4-[(£}-2-(methoxycarbonyl)vinyl]phenoxymefhyl]phenoxy]- 
hexyloxycarbonyl]-l-methyl-ethylene] as a yellow solid. 

The 2-methylacrylic acid 6-[3-[2-methoxy-4-[2-cyano-(^-2-(methoxy- 
carbonyl)vinyl]phenoxymethyl]-5-[2-methoxy-4-[(^-2-(methoxycarbonyl)vi^ 
phenoxymefhyl]phenoxy3hexyl ester used as starting material was prepared in 
accordance with the following procedure: 

Preparation of (E)"3''^4-f3-\( 6"ChlorohexvDoxv1-5"fhvdroxvmethvI1benzvloxy]^^- 
methoxvphenvnacrvlic acid methvl ester 



2.7 g (10 romol) [3'[(6-chIorohexyI)oxy]-5-[hydroxymethyl]plienyi] methanol 
(Example 6) were added to a solution of 2.6 g (12.5 mmol) (£}-4-hydroxy-3-methoxy- 




OH 



-57- 



wo 01/07495 



PCT/EP00/067S8 



cinnamic acid methyl ester (Example 1) and 3.38 g (12.5 mmol) triphenyiphosphine in 
40 ml tetrahydrofiirarL. The colomrless solution was cooled to 0 °C and then 5.2 ml 
(12.5 mmol) of a 40% solution of azodicarboxylic acid diethyl ester in toluene were 
added dropwise over a period of 2 homrs. The mixture was allowed to react for 2 hours 
5 atO°C and then for 15 hours at room temperature. The reaction mixture was poured 
into an ice cold 1 M solution of HCl. The aqueous phase was extracted three times 
with a mbdure of tert.-butyl-metihylether/ethyl acetate. The organic phase was washed 
with a saturated sodium bicarbonate solution and repeatedly with water, dried over 
magnesium sulfete, filtered and concentrated in vacuum. Purification of the residue by 
10 column chromatography on silica gel using hexanerethyl acetate (1:1) as eluent 
yielded 2.2 g (48%) of (j^-3-[4"[3-[(6-chlorohexyl)oxy]-5-[hydroxymethyl]benzyl- 
oxy]-3-methoxyphenyl]acryIic acid metiiyl ester as an oily product that solidified on 
standing. 

15 Preparation of 2-Cvano-r£^-'3--(4-hvdroxv>3-methoxvphenvnacrvlic acid methvl ester 



/ 
O 




N 



0.2 mi of piperidine were added carefully to a solution of 4.6 g (30 mmol) of 
20 vanillin, 3.4 ml (30 J mmol) of cyanoacetic acid methyl ester and 0.5 ml of ethanol 
held at 45 "^C. The product started to precipitate on cooling to room temperature. The 
cold reaction mixture was diluted with 8 ml of efhanol, filtered and washed with cold 
ethanol to give 6.5 g (93%) of 2-cyano-(^-3-(4-hydroxy-3-methoxyphenyl)acryIic 
acid methyl ester in form of yellow crystals. 

25 
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Pre paration of (E)-3-f4-\\3-l( 6>ChlorohexvnoxvV5-rr2>tnethoxv^-rrZ)-2-rmetbnY>7~ 
carbonvl>vmvIlDhenoxv]methvl1benzvI1oxvl-3-methoxvDhen^ acid 
•methvl ester 




1 g (2.2 nrmol) (^-3-[4-[3-[(6-cMorohexyl)oxy]-5-PiydroxytQethyI]ben2^ 
oxy]-3-inethoxyphenyl]acrylic acid methyl ester was added to a solution of 0.62 g (2.7 
mmol) 2-cyano-(^-3-(4-hydroxy-3-methoxyp]ienyl)acrylic acid methyl ester and 0.73 

10 g (2.7 mmol) triphenylphosphine in 10 ml tetrahydrofuran. The solution was cooled to 
0 °C and then 1.1 ml (2.7 mmol) of a 40% solution of azodicaffaoxylic acid diethyl 
ester in toluene were added dropwise. The mixture was allowed to react for 1 hour at 
0 °C and then it was poured into an ice cold 1 M solution of HCL The mixture was 
extracted three times with tert.-butyl-methylefher/ethyl acetate. The organic phase was 

15 washed with a saturated sodium bicarbonate solution and repeatedly with water, dried 
over magnesium siilfate, filtered and concentrated in vacuum. The solid residue was 
first treated with diethylether, filtered and then it was recrystallized twice from tert.- 
butyl-methyiether to give 1.1 g (79%) of (^-3-[4-[[3-[(6-Chiorohexyl)oxy]-5-[[2- 
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methoxy-4-[(^-2-(mcthoxycarboByI)vinyl]pheBoxy]m 

methoxyphenylJ-2-cyanoacryIic addmethyl ester infonn of slightly yeHow crystals. 

Preparat^-oTi of 9-MethY lnr-rvlin .Hd ^ P P m^tboxv-4-r9-^^._^ r. o , 




I ^ =.S-*=-Ko^Ior5.4.0]»nd==-7-a„e(1.5-5) pBU) in 2 ^ 

NJ^.to=thylfonnamidc (DAff) were added dz^p^e , of 0 2 =a (1 9 

mmol) 2.n.eayl.c:,yHc add to 2 rai DMF. A«er addition of 2 nxg phenoftiazine 60 
mg «ratetylan»cmum iodide and I.I g (1.6 nnnol) C£)-3-t4-[[3-K6^„„to^,). 

oxy>5-[[2.m=aoxy.4-r(£)-2<metoxycarboByl)vinyllpi^;^jn«thyI]^^^ 
3-methoxypienyl]-2-cyanoacryKc acid n>ethyl ester in 7 ml DMF the lesnMn. 
mi^e wa. stirred a. SO "C for 20 hours, lie reaction nnxtoe waa ponred into an ice 
cold I M HCI aolntion. The aqneona phase was extracted three times with ethyl 
acetate. The organic phase was washed with a satmated sodinnt bicarbonate solution 
and repeatedly with water, dried over nzagnesfant sulfite, filtered and concentrated by 
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vacumn evaporation. The crade product was filtered through a thi-n silica gel layer 
(eluCT.t: ethyl acetate). The filtrate was evaporated to dryness and recrystallized from 
ethanol to yield 0.35 g (30%) of 2-methylacrylic acid 6-[3-[2-metihLOxy-4-[2-cyaao- 
(£)-2-(inethoxyca2t)onyl)vinyl]phenoxyinefhyl]-5-[2-ine&^ 
carbonyl)vinyl]phenoxyinethyl3phenoxy]hexyl ester as slightly yellow crystals. 

Example 9 

Preparation of Polv-n ■r6->r3.5-bisrr2-methoxv-4~rr^-2-rmethoxvcarbonvDvinvl]^ 
phenoxvlmetiivllcvclohexyloxvlhexvloxvcarbonvl V 1 -methvl-ethvlene] 




A solution of 0.5 g-.(0.Zmmol).2-methylacrylic acid,6-[3,5-bis[[2-methoxy-.4- 
[(£}-2-(niethoxycarbonyl)vinyl3phenoxy]niethyl]cyclohexyloxy]hexyl ester and 1.1 
mg (0.007 mmol) a.a-azoisobutyronitrile (AIBN) in 1.7 ml dry tetrahydrofuran 
(THP) was degassed in a Schlmk tube and sealed under argon. The mixture was 
stirred at 55 °C for 38 h. The resulting polymer was precipitated into 500 mi 
diethylether and collected. The polymer was reprecipitated firom 3.5 ml THF into 50O 
ml diethylether to yield 0.29 g (58%) Poly-[l-[6-[3,5-bis[[2-methoxy~4-[(^.2" 
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5 



l-methyl-etiyiene] as a white solid, 
prepared in accordance wfthaefcnowingpn««iur=: 




7.3 g C22.8 n,n>ol) 5-[(6-chlorohc^0o^ji,„piM, 
(example 6) were dissolved in 75 ml eftyl acetaJe and charged into a ste , T 
A^er ...on 0.3 g o. a .y<.gena«on ca^ys. KT^r^ron^: 
Company) tte vessel was Cosed and .he componnd was hydrogena«d at a 
temperatnre of 70 "C naing a constant hydtogen pressure of JClm 

to room temperature, ffltered and concentrated under vacuum to Less Z I 
product was essentiaUy a cis/trans mixture of S-m =h, . n 
I^^anedicarboxyiic acid dimefl.y, ester The p^e ^.'^ "'=^'^°'^^-''^-^<='- 

.Wess oii hy ciuomatograph; on a-Triil ^ ri^l^; ^ 
eiuent (yield: 6.1 g. 80%). ^ ® ^ 
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Preparatioxi of p-rfe-CMorohexvl^oxvj-S-llivdroxvinethvllcvcIoh 



6,05 g (17.5 mmol) cis-5-[(6-cliloroliexyI)oxy]-l,3-cycloliexanedicarboxyIic 
acid dimethyl ester were dissolved in 60 ml tetrahydrofiiran in aa atmosphere of 
argon. The colourless solution was cooled to -25 °C and then 37 mi (36.S tmnol) of a 



over a period of 45 minutes. The reaction mixture was carefully quenched in sequence 
jSrst with 5 ml of methanol and then with 50 ml of a 1 molar solution of HCl in water. 
The suspension was stirred for 1 hour at room traiperature and subsequently filtered 
through speedex. The solid residue was washed care&Jly with 100 ml of tert.-butyl- 
mefhylether. The organic phase of the filtrate was separated, washed with 100 ml of a 
saturated sodium bicarbonate solution and 100 ml of water, dried over magnesium 
sulfate, filtered and concentrated in vacuum. Column chromatography of tiie crade 
product on 280 g of silica gel using dichloromethane methanol (19:1) as eluent gave 
4,6 g (94%) of [3-[(6-chlorohexyl)oxy]-5-[hydroxymefhyl]cyclohexyl]metiaanol as a 
colourless oil. 




1 molar solution of lithiumaluminiumhydrid in tetrahydrofuran were added dropwise 
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1:1 

H • 
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Prroaration of r£^-3-r4>rr3-rr6-ChIorohexvDoxvlo-rr2-methoxv>^ 

carbonyDvmvllphenQXYlmefevIlcvclohexvIlmethQXvl-3-m acid 
methvl ester 



2.25 g (7.9 tnmol) [3-[(6-cUorohexyI)oxy]-5-[hydrQxymethyl]cyclohe^^ 
methanol, 4.12 g (19.8 inmol) (j5)-4-hydroxy-3-methoxycimamic acid methyl ester 
(Example 1) and 5.24 g (19.8 mmol) tripheaiyiphosphine were solved in 25 ml 
tetrahydrofuran. The solution was cooled to 0 °C and then 8.64 g (19.8 mmol) of a 
40% solution of azodicarboxyHc acid diethyl ester in toluene were added dropwise 
over a period of 2 hours. The mixture was allowed to react for 2 hours at 0 and 
then for 24 hours at room temperature. The reaction mixture was concentrated in 
vacuum. The solid residue was dissolved in 50 ml of dichloromethane, washed with 
50 ml of an 1 M HCl solution, 50 ml of a saturated sodium bicarbonate solution and 
repeatedly with water, dried over magnesium sulfate, filtered and concentrated by 
vacuum evaporation. The cmde product was crystallized from methanol at -20 °C. 
Further purification of the soUd residue by chromatography on siHca gel using 
dichloromethane/ethyl acetate (19:1) as eluent gave 2.6 g (50%) of (£}-3-[4-.[[3-[(6- 
chlorohexyl)oxy]-5-[[2-methoxy-4-[(^-2-(msthoxycarbonyl)vinyl]phenoxy]methyi]- 
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cyclohexyl]methoxy]-3-Tnethoxypheiiyl3aciyIic acid metiiyl ester as a colourless 
higlily viscous oil that solidified on standing. 

Preparation of 2-MethvlacivIic acid 6"r3.5-bisrr2-niethoxv-4-ff.g>-2-rmethnyY- 
carbonvDvinvnphenoxvlmethvncvGloliexvloxvlhexvl ester 




o ^ 

786 mg (5.16 mmol) l,S-diazabicyclo[5.4.0]iindec-7-ene(l,5-5) (DBU) in 5 ml 
NyN-diraethylforrnannide were added drop wise to a solution of 413 mg (4.8 mmol) 2- 
methyiacrylic acid in 5 ml N,N-dim ethylformami de over a period of 30 minutes. After 
addition of 4 mg phenothiazine, 146 mg tetrabutylammonium iodide and 2,6 g (3.9 
- mmol) (^-3-[4-[[3-[(6-cMorohexyl)oxy]-5-[[2-mefhoxy-4-[(^-2-(methqxycarbonyl^ 
viayi]phenoxy]mefhyl]cycloliexyl]methoxy]-3-methoxypiienyl]acrylic acid methyl 
ester dissolved in 10 ml N,N-dimethylformamide the resulting mixture was stirred at 
80 °C for 20 hours. The reaction mixture w^as poured into 50 ml of an ice cold 1 M 
HCl solution. The aqueous phase was extracted three times with 50 mi ethyl acetate. 
The organic phase was washed with 50 ml of a saturated sodixmi bicarbonate solution 
and repeatedly with water, dried over magnesium sulfate, filtered and concentrated by 
vacuum evaporation. Purification of the residue by column chromatography on 270 g 
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silica gel Tising toluene/etbanol (9:1) as eluent yielded 2.6 g (92%) of 2-methyiacrylic 
acid 6-[3,5-bis[[2-mefhoxy-4-[(^-2-(meflioxycarbonyl)vmyl3- 
phenoxyjmetiiyljcycloiiexyloxyjhexyi ester as yeUowisli oil. 

Example 10 

A two percent by weight solution SI of the photoreactive polymer A was 
prepared using cyclopentanone as a solvent The solution was stirred for 30 minutes at 
room temperature. 

Photopoiymer A: 




Solution SI was spin-coated at 2000 rpm onto two ITO (indium-tin-oxide) 
coated glass plates, which were then dried for 30 minutes at 150°C. 

Both substrates were subsequently exposed for one minute to the polarised 
ultraviolet Hght of a 200 W high pressure mercury lamp. The intensity of the uv-hght 
at the substrates position was measured as L i mW/cm^. 

With the coated sides facing inwards, the two plates were assembled into a 
parallel liquid crystal cell which was filled with the nematic hquid crystal mixture 
MLC 12000-000 (Merck). Using a polarising microscope, the alignment quaUty was 
found to be excellent. With a tilting compensator, which was introduced into the 
microscope the alignment of the long axis of the Hquid crystal molecules was found to 
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be parallel to the polaiisation direction of the ixv-Iiglit whicli was used to photo-align 
photopolymer A. 

Example 11 

A mixture Mlcp was prepared comprismg the following liquid crystalline 
diaciylate monomers: 

Monl: 




Mon3: 

a 
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In addition to the diacrylate monomers, photoinitiator IRGACURE 369 from 
Ciba SC as well as BHT, which served as an inhibitor were added to the mixture. Thus 
the composition of mixture Mlcp was as follows: 

Monl 77 wt% 

Mon2 14.5 wt% ^ ■ ■ 

Mon3 4J wt% 

Irgacure369 1.9 wt% 

BHT 1.9 wt% 

Finally, the solution .S(LCP) resulted from dissolving 15 wt% of mixture Mlcp 
in aoisole. 

Like in example 10, solution SI was spincoated on a glass plate, dried and 
subsequCT.tly ejjposed to vertical incident, polarised uv-light for 1 minute. Then 
diacrylate solution S(LCP) was spin-coated at 800 rpm for 2 minutes on top of the 
irradiated LPP-layer. To cross-link the liquid crystalline diacrylates the plate was 
exposed to isotropic uv-light under nitrogen atmosphere for 5 miautes. 

To characterise the alignment capability of photopolymer A the contrast of the 
cross-linked liquid cr5^tal layer was measured ushig a polarising microscope with 
crossed polarises, which was frirfher equipped with a photodiode for light intensity 
measurements. The contrast was calculated as the ratio of the light intensities 
measured with the optical axis of the cross-linked liquid crystal layer oriented 45° and 
O"" in respect to one of the polarisers. The high contrast of 1200:1 demonstrates the 
excellent alignment capability of photopolymer A. 



-68- 



wo 01/07495 



PCT/EPOO/06788 



Claims 

1 . A compound comprising a repeating unit of formula (I) 

(B2.P2)^ 

(P1-B1)— j (B^-P3)n3 

I 

M 



I 



in whicli: 



A rqpresents a nitrogen atom, a carbon atom, a group -CR}- or an aromatic or 

alicyclic group, which is optionally substituted by a group selected from 
fluorine, chlorine, cyano and a Ci-is cyclic, strai^t-chain or branched 
alkyl group, which is optionally substituted by a single cy^o group or by 
one or more halogen atoms and iu which one or more non-adjacent alkyl 
-CH2- groups are optionally replaced by a group selected from 
-CO-, -CO-O- -0-C0-, -Si(CH3)2-0-Si(CH3)2- -NR1~, 
-NRl-CO- -CO-NRl-, -NRl-CO-O- -O-CO-NRI- 
-NR1-C0-NR1-, -CH=CH-, -C=C- and -0-C0-0-, whereia R1 
represents a hydrogen atom or lower alkyl, 

M represents a repeating monomer unit; 

nl to n3 each independently represent 0 or an integer having a value of from 1 to 3, 
with the proviso that 1 < n^ + n^ + < 4; 

pl, p5 each independently represents a photoactive group; and 
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B ^ to B"* each ind^eadentiy represent a residue of general fonnula n 



n4 n5 jj 



in wliich 



to each independently represent a single bond or a spacer group selected 
from a Ci-24 straight-chain or branched alkylene group, which is optionally 
substituted by a single cyano group or by one or more halogen atoms and 
in which one or more non-adjacent alkylene groups are optionally 

replaced by a group selected from -O-, -CO-, -CO-0~ ~0-C0-, 
--Si(CH3)2-0-Si(CH3)2- -NRI-, -NRI-CO-, -CO^NRI-, 

-NR.1-<:0~0-, -O-CO-NRl-, -NRI'-CO-NRI'-, -CH=CH-, -CsC- 
and -O-CO-O— wherein is as defined above, 

Cl and each independently represents an aromatic or an ahcycHc group, which is 
optionally substituted by a group selected from fluorine, chlorine, cyano or 
a Ci-18 cyclic, straight-chain or branched alkyl group, which is optionally 
substituted by a single cyano group or by one or more halogen atoms and 
in which one or more non-adjacent alkyl groups are optionally 

replaced by a group selected from --O-, -CO-, ~C0~0-, -0-C0~ 

-Si(CH3)2-0-Si(CH3)2- ~NR1-. -NRI-CO- -C0--NR1--, 
-NE.1-C0--0-, -C^CO-NRl-, -NR1-C0-NR1-, -CH=CH- -C^C- 
and -0~C0-0— wherein represents a hydrogen atom or lower alkyl, 
and 

n^ and n^ are each independently 0 or I . 

2. A compound according to Claim 1, in which to are selected from the general 
formulae nia and mfa: 
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mb 



wh^ein the broken Hue indicates the point of linkage to and wherein: 

D represents pyrimidine-2,5-diyl, pyridine-2,5-diyl, 2,5~thiophenylene, 
2,5-furanylene, 1,4- or 2,6-naphthylene; a phenyiene group, which is 
optionally substituted by a group selected from fluorine, chlorine, cyano; or a 
Ci-is cycHc, straight-chain or branched alkyl residue, which is optionally 
substituted by a single cyano group or by one or more halogen groups and in 
which one or more non-adjacent alkyl -CH2- groups are optionally replaced 
by a groTQ) selected from -0-, -CO-, --CQ-O-, -0-CO-, 
-Si(CH3)2~0-Si(CH3)2- -NRI^, -KR1-C0-, -C0-NR1-, 
--KR1-C0~0- -0-CO~NR1-, -NR1-C0-NR1- -CH=CH-, -OC- and 
-O— C0-0-, wherein is as defined above; 

E represents -OR^, — ISIR'^R^ or an oxygen atom, which defines together with 
the ring D a coumarin unit, wherein R^, R"* and R^ are selected from 
hydrogen and a Ci^is cycHc, straight-chain or branched alkyl residue, which is 
optionally substituted by one or more halogen atoms and in which one or 
more non-adjacent alkyl -CH2- groups are optionally replaced by a group 

selected from -Q-, -CO-, -C0-0-, -O-CO- and -CH=CH-, or r4 and 
r5 together fonn a C5.8 ahcycHc ring; 

X, Y each independently represent hydrogen, fluorine, chlorine, cyano or a Ci-12* 
alkyl group, which is optionally substituted by fluorine and in which one or 
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more non-adjacent alkyl -CH2- groups are optionally replaced by a group 
. selected from -O-, -C0-0-, and -CH=CH-; 

r2 represents hydrogen or a Ci-is straight-cliain or branched alkyl residue, which 
is optionally substituted by a single cyano group or by one or more halogen 
atoms and in which one or more non-adjacent alkyl -(312- groups are 
independently optionally replaced by a group selected from — O-, -CO—, 
--CO-O-, -0-C0-, -Si(CH3)2-0-Si(CH3)2- -NR^-, -NRI-CO--, 

-CO-NRI-, -O-CO-NRI-, -NR1-C0-NR1-, 

-CH^CH-, -CsC- amd --(>-C0--0-, wherein R^ is as defined above. 

3. A compound according to Claim 1 or Claim 2, in which the repeating unit of 
formula (T) comprises at least 50% of the monomer building blocks comprising the 
compoimd of formula (I). 

4. A compoxmd according to any one of claims 1 to 3, in which the group M is 
selected from aciylate; methacrylate; 2~chloroaciylate; 2-phenylacrylate; 
acrylamide, methacrylamide, 2-chloroacrylaDaide and 2-phenylacTylamide, the 
nitrogen atom of which is optionally substituted by a lower alkyl group; vinyl 
ether; vinyl ester; a styrene derivative; siloxane; imide; amic acid; amic acid 
esters; amidimide; maleic acid derivatives and fumaiic acid derivatives. 

5. A method of manufacturing a compound of formula (T) comprising the 
polymerisation of one or more pre-j5nished monomer units of formula (I). 

6. A method of manufacturing a compoimd of formula (I) comprising reacting a 
photoactive derivative with a functional polymer analogue of a polymer according 
to Claim 1 . 

7. A polymer layer comprising a compound of formula (I) in cross-linked form. 

8. A polymer layer according to Claim 7, which is an orientation layer for an optical 
or an electro-optical device. 
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9. Use of a compound according to aciy one of claims 1 to 4 in the manufacture of aa 
optical or an electro-optical device. 

10. An optical or an electro-optical device comprising a compound according to any- 
one of claims 1 to 4. 

11. An optical or an electro-optical device comprising a layer according to Claim 7 or 
Claims. 

12. A compound of foimula (I), which is Poly-[l-[ll-[5-[4-[(£)-2-methoxy- 
carbonylvinyl]ben2oyloxy]-2-[6-[2-mefhoxy-(E)-4-(mefhoxyca^^ 
phenoxy]oxyhexyl]benzoyloxy]undecyloxycarbonyl]-l-mefhylethylene] 

13- A compound of formula (T), which is Poiy-[l-[ll-[(£;^-2,5-di-[6-[2"methoxy- 
-4-(methoxycarbonyivinyl)phenoxy]oxyhexyl]benzoyioxy]imdecyloxycarbony 
-methylethyiene]. 
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